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<V iMETlIOD OF INCUBATING ASCARIS EGGS 

BY 

AIajor F H STEA\ art i ai s (Bold ) 

Memorial Ophthalmic Laboratory Cano 

[Received for publication lanuary I'i 1934] 

The cgg3>»f Ascaris lumbneotdes need tin ee conditions for their development, 
\iz ,a moist stmosphere, n tempernture about 25°C and clean surroundings They 
will not develop in water, in dry air, at a low temperature or m a foul medium 
The conditions needed can be secured by the following simple method — 

The eggs are obtained either from the uterus of a fertilized female or by washing 
out of fteces In the former case the worm is slit open from the gonopore backward, 
the uteri are pulled out gently and divided into lengths of about two mches The 
egg-mass is pressed out under water with a bent mounted needle and the contents 
of one or two sections are transferred u ith a pipette to a clean test-tube Enough 
tap-water is added to give about one and a half inches in the bottom of the tube 
which is then corked and thoroughlv shaken so that the egg-mass is broken up, 
and the eggs float separate m the water The tube is then held horizontally, one 
end in the fingers of the right hand and the other m those of the left, and rotated 
slowly and steadily about its long axis so that the water flous slowly round and 
round over the whole inner surface The eggs sink in the water and stick to the 
glass so that the inside of the tube becomes coated with a uniform layer of eggs 
It IS the outer albuminous coat which causes the egg to adhere AMien the greater 
number have thus adhered the tube is turned upright , the water collects at the 
lower end leaving the eggs in air which is kept moist by the corking of the tube 
The tubes are kept at room temperature in the summer or in a low temperature 
incubator at about 25°0 If the contents become at all foul the water should be 
changed with a pipette Under these conditions the eggs segment and develop 
steadily until each contains an active embrjm Samples can be taken out at intervals 
on the point of a scalpel and examined in water, and finally the whole cylinder of 
ripe eggs can be scraped out on the edge of a knife 

The method can be adapted for eggs like those of A mystaT which have no 
albuminous coat by mixing them thoroughly in water in a small Petri dish, sucking 
off as much water as possible with a pipette, allowing what remains to evaporate 
until the eggs are only ]ust moist and then floating the dish m a larger one containing 
some water This larger dish is then covered with a glass-plate and sealed 
j, MB { 1 ) 
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ON THE BIOLOGICAL ASSAY OF DIGITALIS BY THE 
FBOG METHOD DESCRIBING A CHARACTERISTIC 
CURVE FOR RAN A T I GRIN A 

BY 

B B BHATIA, m d , m r c p , 

AND 

S LAL, MB, B s 

{From the Pharmacological Laboratory, King George's Medical College, Lucknow ) 


[Received for publication, January 22, 1034 ] 

The frog metliod for the biological assay of digitalis has not been much favoured 
in India because of the unsatisfactory results reported by earlier workers such as 
Chopra and De (1926, 1926a) The conclusions of these workers were based on 
the use of older methods of biological assay such as the ‘ one hour frog method ’ 
of the Umted States Pharmacopoeia (U S P X) No work by the newer methods 
introduced by Trevan (1927) for the biological assay of digitalis, strophanthus and 
squill by the frog method seems to have been done so far m India Trevan, by 
employing an integrated frequency curve (characteristic curve), was able to minimize 
the effect of individual variations in the reaction of the test animal This modi- 
fication introduced by Trevan is, m the words of Burn (1930), already 'transforming 
the whole subject of biological assay from the plane of an insidious means of self 
deception to that of a well ordered science ’ and has been adopted by the 1932 edition 
of the British Pharmacopoeia 

The ‘ characteristic ’ curves are obtained by mjectmg groups of animals with 
different doses of the drug under investigation, noting the percentage mortahty at 
each dose and drawing a smooth curve through the points so obtained The 
‘ sloping ’ curves owe their shape to the fact that different individuals of a species 
require different quantities of a given drug to kill them The slope of this ‘ integrated 
frequency curve ’ depends on several factors and amongst other points varies with 
the species of the test animal and the environment under which it is designed to 
serve as the test basis For these reasons characteristic curves have been worked 
for different countries, such as Trevan ’s for England {Rana temporana), Chapman’s 
for Canada {Rana pipiens), Gunn’s for South Africa and Behren’s for Germany 

( 3 ) 
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Biological Assay of Digitalis by the Fioq Method 


A smiilai chaiactcnstic cnivo foi Bana (igniui ^\h]ch would serve as a test 
basis lu India and paiticiilarly in the United Provinces is described belou — 

The fiog used 

Two species of frogs aie met witli in the neighbouihood of Lucknow — Bana 
tignna and Bana cyanophhjelts — of these, the former is met uith much more 
frequently than the latter, and hence was employed for the working of this 
characteristic curve It is the largest of the Indian frogs and often weighs as much 
as from 150 g to 200 g The colour is greenish oi olive above uith dark spots, 
often a light vertebral line is present The skin of the back is tliroun mto 
longitudinal folds and a strong fold above the tympanum is often present The 
male has two subgular vocal sacs, conspicuous externally by the blackish coloui of 
the skin covering them It is easily distinguishable from Bana cyanoplilyctis 
which IS brown or olive above, with daik small tuberclc-like spots and is also often 
speckled on its ventral aspect Frogs weighing between 15 g and 65 g which are 
easily available were used in obtaining this characteristic cuive and the average 
weight of all frogs used (1,040) was S3 1 g They were usually obtained fresh from 
fields for each particular experiment and were not stored in the laboratory reservoir 
for more than 10 to 20 days No frogs which had been previously iniected were 
employed in these experiments Frogs of both sexes were employed Those 
obviously diseased, or females swollen with eggs, were discarded 

The digiiahs pieparaUon 

Freshly prepared tincture from British Standaid digitalis leaf powder 
(1 g=10 c c ) was used in these experiments Difierent dilutions of tins tmctuie 
weie made just before injecting with 0 6 per cent saline solution in tap-water 

Expenmental method 

At first several groups of 20 frogs were injected with varjung doses of the 
tincture to obtain a rough idea of the limits of ‘ the maximum tolerated dose ’ and 
‘ the certainly lethal dose ’ Then six doses were selected within these limits and 
with each of these 20 frogs were injected for obtaining each curve The frogs were 
carefully weighed on a sensitive torsion balance by one of us, after drying the fiog 
and expressing its urine The injections were made with predetermined doses (1 c c 
of diluted tincture per 100 g of body- weight) into the vential lymph sac through 
the thigh muscles A tuberculin s^nringe graduated to 0 01 c c was used with a 
fine long needle The injected frogs were placed in pairs underneath glass jais, 
arranged in row^s, in a uniformly lighted part of the laboratory, 120 to 160 frogs 
with six to eight different doses weie injected on each day of experiment ©ne 
thousand and fort}^ fiogs w^ere used foi determining the characteristic curve and 140 
flogs ivere used to determine the mortalities on each dose 

BesnUs 

In Table I are recorded the results of 7 experiments The dose of tincture 
of digit ills IS a lelitu e dilution percentage , the eoi responding jiei cent moIt,lllt^ 
IS for 20 frogs — 
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Table I 


Date o[ I 

Doso m 1 

Per cent 

Date of 

Doso in 

Per cent 

c’ciKniucnl 

])cr cent 1 

dilution 1 

inorlnlitj 

cxiionniont 

per cent 
dilution 

mortality 


23 

0 



25 

0 


10 

*) 



30 

10 


1 

i5 1 

13 



35 

35 


-10 

13 

C 


40 

45 

A 1 



18-9-1933 ■ 




7-9-1U3 } 

4j 



45 

65 


50 j 

63 



60 

96 


35 

70 



56 

86 


GO 

100 


1 

60 

100 


30 

0 



30 

10 


35 

3 



35 

25 

B 

40 

15 



40 

30 

15-9-1033 , 

45 

55 

D 

1 


45 

65 


60 

55 



50 

76 


55 

80 

1 


55 

90 


60 

90 






25 

6 

1 


30 

1 

20 


30 

25 



35 

10 


36 

35 



40 

35 

E 

40 

50 

F 


45 

60 

2-10-33 ' 

45 

70 

16-10-1933 


50 

80 


50 

65 



55 

75 


65 

80 



60 

100 


60 

100 



65 

100 


r 25 

5 


30 

10 

G 

35 

26 


40 

35 

15-10-33 

i 45 

70 


50 

100 


[ 65 

100 








Mortality, per cent 
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Curves corresponding to those 7 experiments .ire represented in Chart 1 Each 
curve represents n particular experiment and bears its initial By choosing a dose 
value on the abscissal axis corresponding to 50 per cent mortality and moving each 
curve along the .abscissa until its dose value for 60 per cent mortality corresponds 
to the value selected, the 7 curves were superimposed (Chart 2) without altering 
their shape The abscissa selected to represent 60 per cent mortality was 
given the v.ilue of 4 A single curve, representing the combined curve of 
Chart 2, was constructed and is shovTi as curve 0, in Chart 3 Chart 2 shows 


Chart 6 



that none of the 7 individual curves vary significantly from curve 0, Chart 3 
All the seven curves are well within the three tunes standard deviation limits 
when 20 frogs are used for each pomt and almost within the hmits of 3 S D 
when 140 frogs are used for each point The deviations were measured from 
curve 0, Chart 3 

The figures of potency corresponding to a given percentage mortabty of froes 
are given below in Table II For the sake of comparison B P figures are also eiven 
alongside — ° 
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Biological Assay of Digitalis hy ilic Fiog Method 


Table II 


Potency, coi ) esponding to a given percentage mortality of frogs 


Potency 

Potency 

Mortality, 
per cent 

1 

Calculated 
from B P 
chart 

Calculated from 
our curve 

Mortality , 
pci cent 

Calculated from 
B P chart 

Calculated from 
our cur\e 

6 

66 

68 6 

55 

103 

102 6 

10 

1 

G7 

73 7 

60 

107 

104 5 

16 

76 

78 9 

66 

no 

106 5 

20 

80 

83 2 

70 

114 

108 7 

25 

GO 

87 

76 

118 ‘ 

111 2 

30 

87 

90 

80 

122 

113 7 

36 

90 

93 

85 

127 

117 2 

1 

40 

93 5 

95 5 

90 

134 

121 2 

45 

97 

98 2 

95 

146 

1-26 2 

60 

100 

100 





A perusal of Table II reveals that if the mortalities of a particular experiment 
are between 16 and 65 per cent, then the difference m calculations based on our 
curve and B P chart will be within 10 per cent, but if the mortalities are outside 
these limits, then the figures are likely to be wider apait 


Table III 


POTENCI WHEN KLASSA\rr) 


Digitalis E-ample 

Original 

pottncY' 

i 

Calcu'alcd 
from our 
chait 

Calculated 
from B P 
chart 

Leaf poM dor L 

9 S units 

1 

8 6 units 

7 9 units 

„ M 

9 7 „ 

1 9 1 

S 1 „ 

, 

16 6 , 

119 , 

14 0 „ 

Tr R 

97 per cent 

81 per cent 

76 per cent 

Tr P 

120 

90 

S3 

Tr T. 

100 

107 

100 

Ir 1 

! 

(.9 

“)0 

Ir T, 

1 ts 

120 

1 11 


Remarks 


■ 

These samples Morc onguially 
assajed at the Pharma 
ceutical Society of Great 
Britain and ncrc lent by 
the kind courtesy of Dr .1 
IT Burn, the Director 

/ 


I The original values of these 
three tinctures Mere theo 
refita' \ allies 
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Tihlc III gives losults of 8 samples which weic cither re-assayed by us or 
their theoretical values (obtained by making diffcient dilutions of a known sample) 
were compaicd with cxpeiiniental findings Leaf powders L, M and N were 
sent to us from England in scaled tins Si\ to eight weeks elapsed between the 
oriuinal and the second assaj The diffcienre in the figures of original assay 
and those of re-assay is less than 10 per cent in pow'ders M and N and slightly 
more than 10 per cent inpowdei L Making allowance foi a certain amount of 
deterioration, which must hate taken place as the tins w^ie not heimatically 
scaled, the agiecment between the two figures is very close and well within the 
limits of cvpciimcntal crior Tinctuies II iiid P w'cre also sent to us from England 
.ind periods of G and 10 weeks elapsed between the first and second assay The 
low'd figures oiit.nncd by us could easily be due to deterioration w'hich, according 
to one of us (B B B ), is about 10 pci cent pei month during the first three 
montlis Tinctures Ti, To and Tg were dilutions of a know'n tincture made by 
one of us Tlic figures of dilution w'ere not rcicaled to the other author who 
earned out the assaj The agreement between these figures is also quite close 
From these results it is apparent that ffana lignna could be used foi assay of 
digitalis In nearl} all these eight samples the agi cement between the oiiginal 
figures and ouis is bettei, w'hcn calculations are made from our curve It is thus 
claimed that w'hen Rana Itgriiia is used as the test animal calculations made from 
the ciu:\e described by us aie likely to be more collect 

Discussion 

A discussion of the relative merits of the various methods of the biological 
assay of digitalis will be out of place in a paper like this but undeniably the method 
of choice will be one which is economical, eas\ to perform and capable of detecting 
deterioration That the frog method meets these requirements better than any 
other method has been our experience in this laboratory The cat method of 
Hatcher and Brody does not detect deterioration and this has a serious drawback 
in a country like India where deterioration is rapid [about 10 per cent per 
mouth during the first three months, according to one of us (B B B )] It is not 
economical as for any accurate assav at least 4 to 5 cats would be needed It 
takes more time and would involve at least two da)'s’ labour on the part of the 
assaying officer, whereas the injection of 50 frogs takes only about an hour 

The modification of the cat method suggested by Chopra and Chowhan (1933) 
needs further investigation before any definite opinion can be expressed on it 
But one fact is very evident that the method as such is capable of only rough 
estimates of potency for it merely differentiates between a good and a bad sample 
and does not indicate the exact strength of the gnen sample By Chopra and 
Chowhan’s modified method tinctures which are much stronger than the standard 
will also be allow'ed to pass on to the market and if prescribed in the usual doses 
might lead to toxic symptoms The new British Pharmacopoeia (1932) lays down 
that a gramme of digitalis leaf should possess an activity of 10 international units 
and if the powder is more active then it should be mixed either W'lth less active leaf 
powder or in making a tincture , an allowance is made for the greater actn itj of the 
leaf powder by adding sufficient quantity of 70 per cent alcohol to produce a tincture 
of the required standard strength This is only possible when the manufacturing 
chemist is supplied with an exact figure of potency Auv results based on one 
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Peifnsiov A'pxx^'i aim and Constant Teinpeiaimc Bath 


containing a 

douljle-walled 


tlieimomcter, to the double-surface 
flask -wherefioin it is led into the sink 


condenser and then to the 
The teinperatnie of the water 



Te\.T FIOl’BE 1 

A A, — Brackets for the frame 
B and C — Arms of the frame 
P — Double ailed flask 
E — Double surface condenser 
r — Heart cannula 
G — Glass protector 

AT and H — Huts to mo\e the frami ui> and doun 

B, R, — Rheostats 


Is uljustcd bN regulating its flow from the tap and when once adjusted it will leinain 
CJiistaiit throughout the experiment It is advisable to have a second rheostat Ri 
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1o contiol tlic current m the otliei, as by this means the temperature of the heating 
sjslcm cm lie adjusterl miuh more casil} and lapidly than bv regulating the water 
flow alone Unnecessuy waste of ciirient and water is also eliminated after the 
apparitiis Ins attuned tlie lequiied tempei ituie A theimometcr inserted into the 
heart eaiinula registers the temperature of the perfusing fluid The apparatus is 
mounted on a steel frime fixed on the wall and, b\ manipulating the nuts M and N, 
it can be movi d up and down without disturbing the component parts The nuts 
mo\e dong screw thrculs cut on the lower end of the steel rod carrjing the frame 
This ariangenient enables lecotds to be taken at diffeient levels of the tracing paper 
Glass-tubes for water and oxygen lun on the wall and reach the apparatus along the 
aims B md C hen not in use the frame tan be folded on to the wall so that the 
glass paits remain piotected from accidents This contrivance enables space to be 
sa\ed 111 a crowded laboratory A portable type has also been designed to be 
convenient for transport from one place to another foi experimental demonstrations 

It IS evident from the arrangement of the apparatus that both the flask 
ind the condenser arc kept at the same temperature by the current of warm water 
issuing from the rheostat and it is found that the perfusing fluid attains the same 
temperature as the watci circulating outside, irrespective of the rate of flow of the 
formci Therefore changes of terapcratuie of the perfusing fluid due to alterations 
in the heart rate are reduced to the minimum The apparatus can be brought 
to the optimum temperature m about five minutes and can be worked 
continuously wuthout special attention being necessary in regard to control of 
temperature 


Constant temperature bath for isolated organs 
(Text-figure 2 ) 

This apparatus for perfusing isolated uterus, intestine, etc , consists of a 
jacketed cylindrical bath of 100 c c capacity A with a three-waj stopcock 
at the bottom and a jacketed two litres flask B, connected togethei as shown 
in the diagram The contrivance for maintaining the perfusion fluid in the flask 
and the bath at the required temperature is the same as the one employed in 
the perfusion apparatus for the heart The jacketed bath may also be attached 
to the end of the double-surface condenser in the apparatus for perfusing the 
heart in place of the heart cannula, m which case a separate heating outfit is 
unnecessary The tissue is tied to a platinum hook fused at the end of the glass- 
tube carrying oxygen to the bath Since the bath and the flask containing the 
perfusion fluid are heated by the same current of water, they attain the same 
temperature and, therefore, the fluid in the bath can be changed at any time 
without varying the temperature, by letting in fresh fluid at the same temperature 
from the flask by an appropiiate turn of the three-way stopcock After the 
apparatus has been set for the correct temperature it needs no furthei attention 
as to temperature regulation A number of such perfusion baths can be 
arranged on a single stand with suitable holders and can be heated to the 
optimum temperature by the same current of water electrically heated in the 
rheostat This arrangement will ensure constancj of temperature in the 
difieient baths and will be very convenient foi studying comparative effects of 
drugs under the same conditions and for standardization experiments 
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Text fiouee 2 
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V DEVICE FOR FILTERING BACTERIOPHAGE 

S R PANDIT 

{From the Kinq lo’^lihilc of Pieveutive Jllcdtcine, Gumdy ) 

[Uppcuod for inibliofttion Fobninrv G 1034 ] 

Since April 1932, cholera bacteriophage has been mamifactured on a fairly 
large scale at this Institute for use in field experiments in the prevention and cure of 
cholera During the year 1933, about 428,000 c c of cholera ’phage were issued 
It has been found convemeiit to distribute it in 20 c e ampoules Apart from 
difficulties encountered m obtaimng a potent ’phage, which depends for its potency 
on various factors that need not be goue into here, it was found that serious 
difficulties arose during the process of filtration by way of contaminations, candles 
found cracked during sterilization, etc A method of filtration has been evolved 
which has worked so successfully during the past year with a mimmum of waste in 
labour and material, that it would be useful to describe it Sixty litres of ’phage 
have oeen handled weekly without overstrammg the limited staff of the section 
4. brief description of the apparatus follows — 

The diagram shows the apparatus assembled during filtration The fluid 
that IS to be filtered is contained in the glass-jar m which a candle — Pasteur- 
Chamberland ‘ F ’ — is dipping, filtration through the candle being from without 
inwards The side tube of the filtering flask is connected to the vacuum line and a 
partial vacuum is maintained about the neighbourhood of 15" of mercury The 
bent glass-tube a, one end of which reaches the bottom of the filter-flask, serves the 
mam purpose of emptying out later, the contents of the flask into Maynaid 
ampoules , but it also serves as an indicator of the pressure inside VTien pressure 
m the flask increases as a result of leakage into it of outside air the fluid rises in 
the tube and gives a warning that the vacuumizing plant is to be switched on 

As filtration proceeds, the fluid in the glass-jar diminishes and ordinarily fresh 
fluid would have to be poured into it so as to maintain the maximum rate of filtration 
To ensure a constant level of fluid in the jar, an apparatus L has been devised 
someiyhat on the lines of Gardner (1931) for his serological water-bath It consists 
of a 1 5 litre flask fitted up in the fashion of a wash-bottle, except that both the 
tubes reach its bottom The tube S serves as a syphon To the outer end of the 
tube S is attached one end of a piece of rubber-tubing, the other end being kept 
dipped in the glass-jar by the side of the candle A screw pinch-cock is fixed 
J, MR ( 17 ) 2 
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A Device foi FAteniig Bactciiopliage 

about the middle of the tubing The second tube R serves tivo purposes-first 
to start the sjmhon and, secondly, to maintain a constant level of huid the 
glass-iar To woik the apparatus the flask is filled to the neck with the fluid 
to be filtered and the rubber-bung is fitted on tightly The syphon is now 
started by opening the pinch-cock P and blowing through the tube R at M It 
will be seen from the diagram that the flask L is placed on the bench a 
a conveniently higher level The fluid in the flask will flow through the syphon 
into the glass-]ar until the level in the latter comes up to that of the open end U 
of tube R , no fiuthei rise in the level m the jar will take place As it falls 
with the progress of filtration, more fluid will flow over from flask L and its place 


Diagram 



will be taken b’v an bubbling through the open end 0 of tube R Under static 
conditions, the surface of fluid in the jar will be on a level with 0, but during 
filtiation the latter is usually found to be at a slightly lower level depending on the 
rapidity of filtration The fluid outside should not rise beyond the glazed shoulder 
of the candle and it is prefeiable to have the level adjusted to about a quartet of an 
inch below the shoulder This is done by placing thin blocks of wood underneath 
the jar 

'When the fluid in flask L has gone down, it can easily be charged again with 
more fluid without disturbing the syphon The pinch-cock P is screwed m tightly 
the mouth of the flask is opened and more fluid poured in The cork is refitted, the 
pinch-cock opened and tin scplion begins to work, the level being maintained as 
before 
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As each of our 'plngc brews 2 5 litres in bulk and this is too much fora candle, 
tuo candles are employed working bide by side The two jars containing the 
candles are connected up by a Y-tube as shown in the diagram By this arrange- 
ment the same le^e! is maintained in both the jais In fact, with a single levelling 
apparatus described above, it is possible to have a batter}"^ of candles working at the 
same time 

AVheu filtration is over, the rubber lead from the filter-flask is pinched with a 
screw pmch-cock at b, and it is disconnected from the candle As a precaution 
against contamination the loose end of the rubbei tube is flamed and introduced 
into a sterile test-tube wdiich is tlien plugged The partial vacuum in the filter- 
flask IS ucvt reduced to 7cro bj allowing filtered aii to pass into it through the side 
opening c of the flask 

The flask is incubated for 24 hours This period has been found to be sufficient 
If the fluid keeps clear and limpid it is ready for filling into Maynaid ampoules 
The portion d is disconnected the rubber attachment of the Maynard filler is fitted 
on to the glass tube the pmch-cock c is opened and the vacuumized ampoules are 
filled by the usual method The seilcd ampoules are incubated foi 72 hours for 
‘ sterility ’ 

Mention must be made of the following few points — 

1 It has been found to bo convenient to autoclave the filter-flask and the 
candle separately (separated by line X m the diagram) and connect them up just 
before filtration 

2 The attachments of the Icvellmg-flask, the Y-tubes and the glass-jars are 
sterilized Ey boiling m water for half an hour 

3 Each flask has its distinctive number etched on its neck and the same 
number is marked on the corresponding rubber-bung, so that after cleaning the 
assembly is facihtated This serves a useful purpose as will be seen below 

4 A book is mamtained givmg the number of the ’phage brew and against 
it the numbers of the two flasks and against each of these again that of the candle, 

ri 8 FI 9 ^ 

thus Brew 358 “gi — Very rarely it happens that contamination occurs 

as a result of defects in the flask fittings If a particular filtrate has been found 
contaminated, and the candle used has been found to be sound, suspicion is naturally 
aroused about the flask and its fittings and any defects therem can immediately 
be attended to A square piece of water-proof sheeting going over the rubber-bung 
of the filter-flask, pierced in two places to take the tubes and secured round the 
neck of the flask with a piece of string, has been found to be of use as a guard against 
contamination It stands repeated sterilization very well 
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The internal circulation of blood m tlio pituitary body and tuber cinereum, 
in tbe dog was described by one of us (Basit, 1932) in an earlier paper Our findings 
in tbe dog agree to a remarkable extent with those of Popa and Fielding (1930, 
1930a) who are working on the human pituitary, excepting a few minoi difierences 
dependent on the anatomical peouharities of the human pitmtary 

The pituitaiy body receives its arterial blood-supply from the branches of the 
circle of Willis and from the internal carotid arteries These vessels form irregular 
smusoids in the pars anterior and pars tuberalis which later communicate with the 
capillary plexus of Paepars nervosa The latter also receives direct blood-supply 
from the posterior lobe artery Finally, the venous blood is drained partly into 
the tuber cinereum through a series of short parallel vessels, the bypophysio-portal 
vessels 

The nuclei of the substantia grisea of_^the tuber cinereum get their blood-supply 
from the hypophysio-portal vessels besides arterial blood derived directly from the 
systemic vessels of the circle of WiUis Blood vessels from both these sources form 
a well-marked secondary capillary network amongst the neurones of the various 


♦ After this paper was sent for publication, we have come across an mterestmg contribution on 
‘ The Development of the Hypophysio Portal System m Man ’^by Paul G’EspmasBe, m Jour Anal 
(1933), 68, p 10, wherem the author agrees with the earlier findings of Basir (1932) regarding the absence 
of the spaces of Virchow-Robm, around the hypophysio portal vessels He is of opimon that the hypo 
physio portal vessels, which are part of the arterial supply of the bram, starting from the pia mater 
have become secondarily involv^ by thb up growing buccal analogues of the pituitary body Here* 
they lose their arachnoidal sheaths which surround the spaces of Virchow Rohm We have again 
confirmed this fact by the more elaborate methods of injections into the sub arachnoid space ° 

( 21 ) 
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nuclei of the dieucephalon and also nndei the ependyma of the infundibular 
recess 

In an eailier paper the senior authoi (Basir, 1932) has mentioned that this dual 
blood-supply to the tuberal nuclei can be differentiated microscopically by the fact 
that the systemic vessels aic enclosed in a perivascular space — the space of Yiichov- 
Robin — which cannot be made out round the vessels of the li^-pophysio-portal 
system 

As this obseivation. is an mipoitant one, Professor J P Hill, F R s , of University 
College, London, suggested to the scnioi author to have it confirmed by experi- 
mental methods Consequently the present investigation was undertaken in our 
laboratory The experimental methods used in tins im estigation are more or less 
on a line with the technique adopted by Weed (1914) in his studies on the 
cerebrospinal fluid 


Technique 

Dogs were first amesthetized by ether and then chloralose (0 1 g per lalo body- 
weight) was injected into the small intestines In order to know the condition of 
the cardiovascular system during the experiments, the blood-pressuie of the animal 
was recorded by introducing a cannula into one of the carotid arteries Then the dog 
was placed in the prone position and laminectomy of the lower thoracic or upper 
lumbar veitebrse was done The spinal cord was then pulled out of the vertebral 
canal without injury to the meningeal covering of the nerve roots 

Transection of the spinal cord was performed and about half an inch of the 
cord with the piai covering was excised leaving behind the dura mater and the 
arachnoid uninjured in the form of a hollow sleeve-hke cufl: into which a cannula was 
tied This cannula was then connected to an especially devised apparatus (Text- 
fig 1) containmg a fluid which could be injected intrathecally at any desired pressure 
varying from 150 mm of water to 150 mm of mercuiy During the experiment 
care was taken to avoid air bubbles and leakage from the dural cuff The tempera- 
ture of the fluid was maintained at 40°C throughout the experiment 

The following three diffeient kinds of fluids weie injected intrathecally m a 
series of experiments — 

(1) Injections of gmnulai suspension of Indian ink — Weak suspension of Indian 
ink was filtered through a coarse filtei-paper and then injected intrathecally at a 
pressure of 60 mm Hg for 6 hours This attempt was a failure and the Indian ink 
was only found superficially in the leptomeninges of the pituitary body 

(2) Injections of mill — Diluted milk was injected similarly' at a pressure of 
35 mm Hs for a duration of 4 hours The tissue was subsequently fixed in 5 per 
cent formol in isotonic saline and embedded in gelatin according to the method of 
Gaskell and Graff as modified by Nicolas and sections of 25 p were cut byjneans of 
a“ freezing microtome After staining the sections with Scarlach Blind DelafiehUs 
hsematox} bn thev v ere mounted in dilute glycerine and examined microscopically 
Unfortunately the milk uas seen not to have penetrated the tissue well and the 
results Mere not quite satisfactory* 

(3) Injections of true solutions — (a) A solution containing potassium ferio- 
cyanide (1 percent) and citrate of iron (1 per cent) was made in noimal saline 
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and injected intr.ithccally at ‘10°C for 6 hours at a pressure of 150 mm of 
^^atcr Throughout the experimcut the solution floued into the sub-arachnoid 
spite at the rate of 9 drops per mmutc The blood-pressure of the animals 
during these cxpcrirnents fell to zero within about an hour after the beginning 
of the injections Fin dly, a dilute solution of hydrochloric acid (1 per cent) 
with oruithout formalin (10 pel tent) was injected into one oi both carotids 
bj a special two-way syringe The formalin fixed the tissue and the acid 
gave a precipitate of Prussian blue when it tame lu contact with potassium 
ferrocjanide Tlie pitiiitarj' with a part of the tuber cinereurn was then 
dissected out and fixed in 40 per cent formol containing 1 per cent hydrochloric 
acid 



Text tiovbe 1 — Diagram of the apparatus for intrathecal injections 

Tho water from the tap (T), flons through the tube (2) into the air tight reservoir (B) and raises 
the pressure m ithm This pressure may bo measured by the manometer (M) which is coimcotcd to the 
reservoir (BJ through tho tube {4) The tube (3) transmits the same pressure to the Wolf’s bottle 
(W) containing the fluid, for intrathecal injections The pressure wth ivhioh the mjection is to be 
done may also bo modified by the tap (tj) attached to one of the limbs of the manometer (M) On 
releasing the clip (G,) the fluid from the Wolfs bottle fW) will flow out through tho venous cannula 
(VC) which IS tied to the dural enS The temperature of the fluid is kept at 40’’C by immersing the 
Wolf’s bottle (W) in a water bath (B) The tap (t,) and clip (C4 will put the Wolf’s bottle (W) in 
commumcation with funnel (F) through which it may be filled The tube (1) of the reservoir (B) 
bearing the clip (C,) and the tap (t,) are for emptying the reservoir (B) and the waste water will then 
flow into the sink (S) It is essential that the whole apparatus is air tight 

(b) In another senes of experiments, a 10 pei cent solution of potassinm 
ferrocyamde alone was injected similarlj at a pressure of 60 mm Hg But here 
the animal died soon after the beginning of the injection and the fluid entered the 
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sub-aiaclinoid space at a rate of 65 drops per minute At the end of 4 hours, a 
1 per cent solution of hydrochloric acid was injected through both the carotids by 
means of a special syringe The pituitary body and the tuber cinereum were 
similarly fixed in 40 per cent formol containing 1 per cent hydrochloric acid 

The tissue was embedded in paraffin and serial sections of 20 /< thickness 
weie cut and stained lightly with Elirlich’s oi Weigert’s hsematoxylin and cosin, 
and studied under the microscope 

Observations 

The hypophysis is completel}’’ invested by the leptomeninges with a definite 
sub-arachnoid space as seen by the distribution of the Prussian-blue granules The 
pigment is seen along tlie perivascular spaces in the stroma of the pars antenoi and 
pars tuberaks where the intimate connection between the blood and the cerebrospinal 
fluid becomes apparent The blue granules can also be traced into the pars 
^nte) media and pars tubeiahs The capillary loops of the infundibulum are also 
surrounded by the granules of Piussian blue But when these vessels are traced 
up in the stalk and tube') cineieum (w'hicli aie here known as hypophysio-poital 
vessels) the pigment becomes markedly decieased and even completely disappears 
(Plate I, fig 1) In contrast to this, the systemic vessels and their branches are 
heavily surrounded by the pigment (Plate I, fig 2) In the various nuclei of the 
substantia gnsea of the tube) cinoeum, the pigment is seen to be irregularly 
distributed on account of the fiee anastomosis of the systemic and the hypophysio- 
portal vessels Consequently, the various nuclei stand out prominently surrounded 
by areas with little or no pigment granules of Prussian blue 


Discussion 

The hypophysio-poital vessels are chaiacteiized by the following structural 
peculiarities — 

(1) The hypophysio-poital vessels can be readily distinguished fiom the 
systemic vessels by the absence of the Virchow-Robin space which is seen clearly to 
surround the sj’-stemic vessels (c/ Plate I, figs 1 and 2) 

(2) The hypophysio-poital vessels are surrounded by sheaths of glial tissue, 
wdiilst systemic vessels do not possess such glial sheaths (Basu, 1932) 

(3) Tlic walls of the hypophysio-portal vessels contain no muscular tissue 
(Basil, 1932) 

From these stiiictuial peculiarities of the twm systems of blood vessels, it can be 
easily suimised that the masses of the colloid of the posterior lobe of the pituitary 
body, find their way more reailily into the blood stream of the hypophysio-portal 
vessels than that of the sy^stemic i essels which are surrounded by the Virchow- 
Robm space containing the cerebrospinal fluid In the latter system of blood 
vessels the colloid masses get themselves dissolved in the cerebiospinal fluid and 
veiy little enteis the actual lilood stream Consequently, the blood of the hypo- 
phVsio-poital \ essels should contain raoie of the hormones of the pituitary body 
than the blood of the sy '•temic \ essels 
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The vasculai loutc of absorption of the hoimone of the posterior lobe has 
already been doraonstiated beyond doubt by Hogben (1924) in amphibia and by 
Elrogh (192fa) in his Aiiiua inelanophoic piepaiations which show that pituitrm is 
piescnt in gicatei concentiation in the equine seiiim than in the equine cerebrospinal 
fluid Again, McLean (1928) states that the amount of pituitrin as measured by the 
o\} tocic method is 180 }t mg m the external jugular vein, 120 jx mg in the carotid 
and 120 ft mg in cerebrospinal fluid, showing theieby that pituitrm is earned to 
a larger extent by the plasma of the venous blood than the cerebrospinal fluid 

Although pituitrm is earned largely by the blood stream, w'e did not find masses 
of colloid 111 the lumen of the h\pophysio-poital vessels, whilst the mtra-neuial 
colloid could be readily seen after staining wuth brrzilm But Easmussen (1927) 
and more reccntlj Popa and Fielding (1933) have described masses of granular 
secretion m the blood stream of these ressels Oui finding, therefore, is m 
rgreement with that of Herring (1914-15) and others, who have noticed the absence 
of masses of the colloid m the lumen of these blood vessels The absence of the 
colloid masses m the blood sticam is perhaps due to the solubility of the hormone 
111 the plasma of the blood 

Since the diencephalic nuclei (Basil, 1932) are richly piorided wuth these 
hormouc-laclcn h}poph}sio-poital vessels, it makes it possible that the hormone 
exercises a local effect, perhaps stimulatory, on these nuclei The cells ot these 
nuclei appear very similar to the cells of the sjmpathetic system Kappers (1933) 
has found them to be more or less chromaffin cells and to possess sometimes more 
than one nucleus It is in these sympathetic cells of the diencephalic nuclei that 
there exists the wonderful mechanism of vegetative instincts, c g , alimentary instinct 
in satisfying hunger and thirst, recovery from fatigue by sleep, the regulation 
of body temperature and metabolism and the sex instincts by which there is 
preservation of the species, etc So all these emotional and vegetative reactions 
are integrated in these diencephalic nuclei in the neighbourhood of which the 
hj pophysio-portal vessels appear to disgorge their hormone Such local and 
stimulatory effects of the hormones of the pituitary body on the sympathetic 
nuclei of the diencephalon can be compared to the w ell-known similar action of 
adrenalin on the sympathetic nervous system One perhaps acts as an adjuvant to 
the other This fact is w^ell borne out by the recent expermients of Melville (1932) 
who showed that injection of smaller doses of adrenalin and pituitrm together is 
more effective than larger individual doses of these hormones in combating 
respiratory and circulatory failures 

Greving (1923) has stated that these nuclei w'hich lie under the wall of the thud 
ventricle send non-medullated nerve fibres through the stalk in the form of compact 
bundles which run into the pars nervosa and ramify m ‘ basket-like ’ fashion around 
the cells of the pars intermedia Croll (1928) also has given a similar desciiption 
‘ These nerve fibres are not vasomotor in function as the pars neivosa has a poorer 
blood-supplj than the pats anterior which gets fewer nerve fibres although richlj 
supplied by blood vessels’ This anatomical distribution of the non-medullated 
nerv^e fibres from the diencephalic nuclei to all the parts of the pituitary bodj% and 
to a greater extent to the posterior lobe, presumablj shows that these primitive 
v'egetative nuclei also control the output of the hoimone of the pituitary bod}' 
particularly that of the posterior lobe 
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Conclusion 

Since the diencephalic nuclei are richly supplied with the hormone-laden 
hypophysio-portal vessels, it is possible that this hormone exercises a local effect of 
stimulation of these nuclei This is partly proved by the recent experiments of 
Raab (1930) who showed that the normal activity of the fat-regulating centre m the 
hypothalamus is dependent on the adequate supply of pituitrin 

The distiibution of the non-medullated neive fibres from these dieneephahc 
nuclei to the pituitary body suggests that there is a mechanism of leciprocal inter- 
action between the pituitary body and the vegetative nuclei of this primitive portion 
of the diencephalon These nuclei are, theiefore, in a position to regulate the hbera- 
tion of the hormones of the pituitary body which are necessary for their optunal 
reactions 

Moreover, it should be remembered that the hypothalamus which has come to 
be looked upon as the chief head ganglion of the sympathetic system, sends man} 
non-medullated nerve fibres by way of the spinal coid to the thoracic sympathetic 
system Karplus and Kreidl (1914) have experimentally demonstrated its influence 
upon blood-pressure and the pupils through the thoracie s}Tnpathetic fibres Again, 
according to Hollander (1931), certain regions of the parietal lobe preside over 
aetivities of the sympathetic system There is also enough physiological evidence 
to show that to a certain extent the hypothalamus is under cortical control, 
even though no direct tracts are known to link them together 

The neuro-hypophysial mechanism is thus a very extensive one playing an 
important role in the normal vegetative functions of the organism Text-fig 2 is a 
schematic representation of these inter-relationships It should also be lemembeied 
that other endocrine glands which aie closely inter-ielated to the pitiutary body 
may indirectly exert their influence on this neuio-hypophysial mechamsm. 

SUMMAKY 

(1) The vascular supply of the pituitary body is briefly described 

(2) The absence of Virchow-Robin spaces around the hypophysio-portal vessels 
IS expel imentally shown by injecting mtrathecally into the lumbar region of the 
spinal eord solutions of potassium ferrocyanide and citrate of iron and fixing 
the tissues in acid-formalin A deposit of Prussian-blue pigment granules is 
noticed around the systemic vessels which are surrounded by a Virchow-Robin 
space whilst no such deposit is seen around the hypophysio-portal vessels which 
arc devoid of the perivascular space 

(3) Intrathecal injections of Indian inlj and milk have not yielded satisfactoiy 
results 

(4) Since the diencephalic nuclei are richly supplied by the hormone-laden 
hypophysio-portal vessels, it is surmised that pituitnn exercises a local stimulating 
effect on the«e vegetative nuclei 

(5) Since non-medullated nerve fibres proceed fiom the diencephalic nuclei 
to the pituitarv body it is believed that there is a mechanism of reciprocal interaction 
between the pituitaiy body and the piimitive diencephalic nuclei which possibly 
regulates the liberation of the hormone of the pituitary body, necessary for then 
optimal reactions 
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(6) Evidence is also put foi\\ard to sliow that the hyiiothalamus which is 
legdided as the chief ganglion of the sympathetic system is to a certain extent 
undei the control of the paiietal lobe and is also connected by way of the spinal 
cord to the thoiacic sympathetic system 

(7) The neuro-hypophysial mechanism is ver}' extensive and plays an important 
role in the normal vegetative functions of the oiganism, as shown diagrammatically 
in Text-fig 2 
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Key to lettering in figures — 

B = water-bath 
bo = blood corpuscles 

Cl, C., C 3 = Gbps attached to the rubbci tubing 
F = funnel 

hp Vi = hypophysio poital vessel 
M = manometer 
P b gr = Prussian blue granules 
R = reservoir 
S = sink 

S a^ = systemic vessel 
T = water tap 
t c = tuber cine) eurti 
ti, t_, tj, = stop cocks 
V C = Venous cannula 
W = WoU’s bottle 

1, 2, 3 4 = ‘ L ’ shaped tubes passing through the rubbei stopper of the leservoir 
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This mvestigation was originally intended to study the carbohydrate meta- 
bolism in detail in cases of cirrhosis of the liver lYe found that in most of our 
casts of cirrhosis of the liver the fasting blood sugar [estimated by the technique 
employed by Folin and Wu (1923)] was much below the lover limit of the normal 
(Radhakrishna Rao, 1934) With a viev to see whether this reduction of the 
fasting blood sugar in cirrhosis affected the true glucose or the ‘ non-glucose 
reducing bodies which are also estimated with the glucose by the Folin-Wu 
method, a detailed investigation was carried out m cases of cirrhosis of the 
liver as well as in healthy controls Incidentally, we studied a few cases of 
diabetes mellitus as regards the non-glucose fraction of the apparent blood 
sugar The observation of Fontes and Thivolle (1929, 1930) that at least a portion 
of the non-glucose fraction, which they call ' glucid X varies with the free 
glucose after injection of adrenalin and insulin, induced us to study th 
variation of this fraction at regular intervals after glucose admimstration with 
the hope that any characteristic relationship between the two which mav b 
revealed by this study, may throw light on the nature of the ‘ non-ducose 
bodies- Though It difficult to interpret the several observSs recSSf 
this paper in the present state of our knowledge of the subject, still they are presented 

( 29 ) 
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with the hope that they might be useful to rescaich ^vo^lvCls pursuing this line oi 
investigation 

It IS now generally agreed that the oxidization metliods usually employed nithe 
estimation of blood sugai gi\o a higher figure than the amount of glucose actiiall} 
piesent This is due to the fact tliat in addition to the glucose there is also present 
in the blood another substance or substances capable of reducing the reagent used 
in the above methods This non-glucose reducing substance or ‘ gliicid X ’ of 
Tontes and Tin voile (/oc cif ), winch, according to Best (1919), is at least partlv ofthe 
nature of a pentose, vanes vith the piotcin piecipitant and the oxidizing agents 
used m the difieieut methods for the estimation of blood sugar Estimated as 
glucose by the Folm-AYii method (loc cit ) it is on an average equivalent to 20 mg of 
glucose per 100 c c of blood The diffeient values obtained m the same sample of 
blood by the different methods for the estimation of blood sugar is mainl} due to 
the variations in this non-glucose i educing body (glucid X), the tnie sugar remaining 
the same ‘ Glucid X can be estimated as the difference between the values 
obtained in blood befoie and after fermentation with yeast as it has been shown 
that glucose in the blood is completely removed by treatment of the whole blood 
with an equal quantity of yeast suspension for about five minutes (Somogyi. 1927 
1928 , Fontes and Thivolle, 1929, 1930) But sometimes the ‘ glucid X ’ is so 
modified by the yeast suspension that it may not be sensitive to some of the reagents 
used m the subsequent determination Pickard, Pierce, Marsden, Tanaka and 
Townsend (1932) showed that ‘ glucid X ’ is normal in nephritic bloods and that 
it IS occasionally fermented by yeast Pickard and Godwin (1932) pointed out 
that ‘ glucid X ’ fermented with yeast completelj^ in three days, and that occasionally 
it is destroyed with the glucose Foliii and Svedbeig (1929) and Pickard and 
Godwin (loc cit ) found that ‘ glucid X ’ was normal in diabetes, while Somogyi and 
Krammer (1928) showed that it diminished in bad cases of diabetes where the high 
blood sugar persisted Pickard et al (loc cit ) suggest that it is a higher sugar on 
the basis of the work of Hubbard and Deegan (1928) 

It will thus be seen that the value olitained by the Folm and Wu (foe ett ) method 
for the estimation of blood sugar is the sum of the true glucose and the ' glucid X 
present m it 

Pickard and his associates {loc cit ) showed that there is another reduction 
called the ‘ y-reduction ’ which is constantly present over that of glucose and 
‘ glucid X ’ when the blood sugar is estimated by the Benedict modification of the 
Lewis-Benedict method (quoted by Pickard et al , loc cit ) The ‘ y-reduction bean 
also be estimated by ‘ subtracting the reduction by the Folin-Wu method (glucose 
plu‘5 glucid X) from the reduction, as glucose, in the same tungstate filtrate, by the 
Ionesco method (Pickard and Godwin, loc cit ) ’ Thus, the Benedict modification of 
the Lewis-Benedict method and the Ionesco (1930) method are sensitive to all the 
three reducing fractions, namely, the true glucose of the blood, the ‘ glucid X and 
the y-reduction Pickard and his associates also shoived that the substances causing 
y-reduction vary considerably in normal blood (from 14 mg to 68 mg with an 
average of 40 4 mg per cent) and that they are increased in the blood of nephntics 
Pickard and Godwin pointed out that ‘ the substances causing the y-reduction are 
increased over the normal in diabetic blood, but vary considerably ’ 

Accordmg to Benedict and Newton (1928, 1929) glutathione of the blood is one 
of the chief non-glucose reducing substances and it raises the glucose content ofthe 
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blooclby the Folin and AVutccliniqup by about ]0 mg to 20 mg percent Pickard 
(1932) sho\\cd tint probabh the glutathione of the cells is mainly responsible for the 
\ -reduction Glutathione is found in practically all tin tissues of the body, and in 
blood it IS present in the red blood cells but not in the plasma In a later communica- 
tion Benedict (1931) stated that glutathione does not contribute to anv appreciable 
extent to the sacchaioid content of the blood This is confirmed by Fashena (1933) 
w ho has show n that only 37 per cent of the saccharoid value of blood by the Folin-Wu 
method can be accounted for by glutathione Somogyi (1927) mentions the 
possibility of thionene contributing to the reduction exerted by tungstic acid 
filtrates But Benedict el al (1929) have shown that its total reducing power is 
so low' that the quantity generally present in the blood cannot account for more 
than 1 mg or 2 mg of the apparent sugar content 


TrCHNIQUE 

{i) The true glucose content of the blood w'as estimated by the copper preci- 
pitation method suggested by Somogyi (1931) In this the proteins of the blood 
and the ‘ glucid X ’ are precipitated bv copper The details are as follows — 

One volume of blood is laked in seven volumes of distilled water and to it is 
added one volume of 7 per cent copper sulphate solution After shaking the resul- 
ting solution one volume of 10 per cent sodium tungstate solution is added drop by 
drop The solution is well shaken and filtered, using starch-free filter paper The 
sugar content of the protein-free filtrate is estimated in the usual way by the Folin 
and Wu method 

(^^) In the same sample of blood the protein-free filtrate is prepared 
in the usual way by using 10 per cent sodium tungstate and 2/3 N sulphuric acid 
solutions, and the sugar content of the resulting filtrate was estimated by the Folin- 
Wu method 

The difference between the two methods (^ and ti) gives the value of 
‘ glucid X ’ 

(^^^) The y-reduction is obtained by subtracting the result obtained in (ii) from 
that obtained by the Ionesco method (quoted by Pickard and Godwin, 1932) 
described below — 

To 5 c c of the tungstic acid filtrate in an Erlenmeyer flask are added 2 c c of 
normal sodium hydroxide solution, 1 c c of ferricyanide reagenf" and 10 c c of 
distilled water In another flask the same reagents are added to 5 c c of distilled 
water for control They are kept in a boiling water-bath for 12 minutes and then 
cooled If after cooling the solution is colourless, the procedure is again repeated 
with half the quantity of the protem-free filtrate After cooling, 5 c c of 20 per cent 
sulphuric acid (iron-free) are added, and the resulting solutions are titrated with 
N/60 potassium permanganate «olution using a microburette The solution in the 


* F erncyamde reaqent — 

Potassium ferricyanide 23 g 

Potassium hydroxide 23 g 

Distilled water 1,000 c o. 
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coiitiol flask lb fiist titrated to a lose coloui, and llic leading noted Tlic contents 
of the other flask are then titrated to match the colour of the control The second 
leading less that of the contiol gives the exact quantity of N/60 potassium 
permanganate lequiied foi titiation The mimbei of c c of potassium permanganate 
solution used multiplied by 100 gives the amount of glucose in milligrams per 
100 c c of blood 

(in) The glutathione of the blood was estimated by the iodine titration metlwd 
desciibed by Platt (1931) 

Five c c of oxalated blood is as laked in 10 c c distilled water, and to it vras 
added 10 c c of 20 pei cent trichloiacetic acid The resulting mixture ivas 
well shaken and filtered Ten c c of the filtrate was titrated with freshly 
prepared N/1,000 iodine solution"^ fiom a microburette to a light-blue colour 
using soluble starch (2 drops of a 2 per cent soluble starch solution freshly prepared 
each week) as mdicator The numbei of cc of N/1,000 iodine solution used 
multiplied by 15 35 gives m milligiams the amount of glutathione contained m 
100 c c of blood 

According to this method the normal amount of glutathione present in tlie 
blood IS about 30 mg to 50 mg pei 100 c c (Platt loo cti ) 

(v) The inorganic phosphorus of the blood was estimated by a slight 
modification of Briggs’ (1922) method The total acid-soUible phosphorus was 
estimated by the same method aftei digestion of the trichloracetic acid filtrate 
with sulphuric acid using a minute amount of potassium persulphate to 
complete the digestion The ester phosphorus 1 = obtained as the difirerence 
between the acid-soluble phosphorus and the inorganic phosphorus (Kay and 
Byrom, 1927) 

Our procedure in the present investigation was as follows Samples of 
oxalated blood were taken before and at regular intervals (given iii Tables IV 
to VIII) after the administration of glucose or leevulose by mouth All the 
tests were done in the morning on hospital patients, who were kept starving 
overnight and received no breakfast Patients who weie admitted into the 
ophthalmic clinic of the King George Hospital, Vizagapatam, for eye com- 
plaints, and in whom the general condition was very good, formed the controls 
in this senes Pure glucose (Kahlbaum) and laevulose were used throughout, 
and the quantity given by mouth varied with the weight of the patient (1 g 
per kilo of body-weight) 

In each sample of blood, as soon as possible after lemoval, the blood sugar by 
the different methods described above (Folin and "Wu, Somogyi, and Ionesco) and 
the glutathione was estimated In addition we also estimated the inorganic 
phosphorus, the total acid-soluble phosphorus, and the ester phosphorus in some of 
the cases with a view to studv the possibility'^ of any' phosphoric acid compound of 
glucose contributing to the v-reduction The urine of each patient was examined 
as a loutine before and after the administration of sugar 


2^c c 
2"c c 
200 c c 


* 'S/IO lodme Solution 

25 per cent pot I'isium iodide solution 

Distilled v/itcr 
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l^LSULrS 

TIic icbiilts obtained in some of the nonual c ises aic gi\en in Table I — 

Table 1 

Sbownig the non-glucose rcdimng bodies in blood in some healthy 
contiols (mg pet 100 c c of blood) 


benal { 
number 

Case number 

1 

Glut id \ 1 

t 

1 

J reductiou 

Glutathione 

i 

1 i 

1 

i 1 

IS 8 

CD 1 

49 12 

2 ' 

1 

U 

12 8 

lOCC 

33 00 

a 1 

1 

12 

9 2 1 

1 

89 9 

22 26 

4 

10 

1 

IOC ^ 

103 3 

24 66 

5 

17 

11 1 j 

114 7 j 

30 32 

0 i 

18 

8 3 j 

1 

108 8 

37 22 

7 ' 

11 j 

0 1 j 

1 

104 8 

36 07 

8 

Dr V K N 

17 0 

33 79 

60 19 


f 

18 2 

48 93 


0 


12 8 

66 7 


10 

S,21 

18 6 

60 4 


Averaco 

13 1 

89 1 

36 34 


It will be seen that the non-glucose reducing bodies m blood show n great 
variation even in healthy people The average value of glutathione in this series is 
within the normal limits given by Platt, while the ‘ glucid X ’ and ‘ y-reduction ’ 
are lower and higher respectively than the values given by Pickard and his 
associates 
J, MR 


3 
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Tables II and III sbow fche lesults obtained in some tj’^ncal cases oi cinliosis 
of tbe livei and in a few cases of diabetes, nepbiitis, etc Even here tlie non-glucose 
reducing bodies show a great vaiiation But, taking tlic normal standards obtained 
in this series (Table I), tlie average values of ‘ gliicid X ’ and ‘ y-reduction ’ in cases 
of cirrhosis of the liver do not show much difierence, wliile tLe glutathione content 
IS lower than nonnal In two cases of diabetes mcllitus the ‘ glucid X ’ show s a wide 
variation> but the ‘ y-reduction though fairly constant, is much below' the normal 


Table II 


Showing ihe it on-glucose i educing bodies in blood in some iypical cases 
of cmhosis of the hvei {mg po 100 cc of blood) 


Senal number 

Case nuniber 

. 1 

£ 

"c 

^ 1 

. 1 
tr 1 

7 

I? 

1 

- ’ 

^ 1 

fTB 

u 1 

^ c* ' 

p- 
c cu 

^ o 

S “ 

1 

3 

o 

5 

Ionesco nicthofl 

y reduction 

t 

i 

1 

1 

1 

! ^ 
c 

2 

c5 

o 

1 

1 1 

00 

48 4 

36 8 j 

176 2 

1- 

i 91 0 

j 

2 

2 

92 4 

82 G 

10 8 1 

181 0 

1 87 6 

1 14 007 

S 

1 

f 

9") 2 

75 7 

19 5 ] 

136 0 

39 S 


A j 

6* 1 

70 7 

61 ‘1 

! 9 4 i 

164 0 

93 3 

36 450 

*) 

7 ' 

S5 5 1 

71 4 

14 1 ; 

155 0 

69 5 

36 840 

G 

S 

120 G j 

108 1 

18 5 

1 209 0 

82 4 

24 921 

7 

i 

67 8 

57 8 

1 

10 0 

175 0 ' 

107 2 

31 084 

S 

1 10 

1 i 

105 2 

87 2 

18 0 

183 0 

77 7 

28 297 

9 

15 

79 0 

69 0 

10 0 

202 0 

122 0 

26 095 

10 

21 

91 2 

80 2 

11 1 

206 0 

114 7 

24 538 

11 

20 

76 6 

68 3 

82 

199 0 

122 4 

31 851 

12 

22 

! 72 5 

64 9 

8 6 

179 0 

105 5 


1 1 

24 

81 6 

74 6 

7 0 

197 0 

116 4 

19 955 

U 

W,1 

GO 7 

51 0 

18 7 

1 

117 17 

47 47 ! 

i 


Average j 

1 

1 1 

'14 0 

1 f 


911 

1 

29 41 


* CUnic'vl t\mguo<5is was vmfiecl post-mortem in this case 
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uiuflaid But, compared to the standard of Pickard and Ins associates these 
endings show an increase in tlie substances causing y-icdiiction In one case of 
prue the }-i eduction is diminished, ivliiie in another case of ankylostomiasis 
lie glutathione shows a loivcr reading than normal The non-glucose reducing 
>odies do not show much difference from normal in one case of nephritis 
lut the y-reduction in this case is certainly increased if the normal standard 
if Pickard and his associates is considered 


Tabit hi 


SJioinivg the non-qhteme tedveing bodies m blood iv other cases 
{mg pc) 100 cc of blood) 


faoriivl number 

Case number 

Blood sugar (lohn 
Wu) 

Blood sugar (Solnogvi 
copper hltratc) 

‘ Glucid \ ’ 

Ionesco method 

y redurtion 

Glutathione 

Disease 

1 

11, 

^ 1 

85 ■) 

72 7 

1 1 

1 128 

I 

126 8C 

41 86 


Sprue 1 

2 

ir,4 

S44 8 

887 0 

72 

402 0 

57 2 


Diabetes mellitus 

3 

■=1,42 

WO 

260 2 

34 8 

i 

872 0 1 

OS 0 

1 

Do 

4 

5 

74 1 

69 8 

US 

140 0 

74 9 

24 70 

Ankylostomiasis — 
ascites 

5 

4 

1 

86 0 

70 2 

16 7 

150 0 

1 

72 1 

' 1 

35 60 

Subacute nephritis — 
ascites 


The variations of the non-glucose reducing bodies in glucose and l^vulose 
tolerance tests m normal people are given in Table IV It will be seen that the 
‘ glucid X ’ and glutathione show a rise, though to a slight extent only, similar to 
that of the blood sugar (Chart 1) 

But, the y-reduction shows a considerable fall, most marked at the end of the 
first hour, with the rise in the blood sugar level From the end of one hour it tends 
to rise again, but in some cases the fall is continued, and the y-reduction mav 
actually become negative (Chart 2) This fall in the v-reduction is a constant 
feature in all cases In one case (Case No 17, Table IV) in which the non-glucose 
reducing bodies were estimated after the admimstration of leevulose thp spmo 
features described above are noticed ’ ^ ® 



Mg per loO c c OF blood 


zoo 


Chart 1 

(Case No 17, Table IV ) 



Showin'j the viimtion"^ of non glwcoae reducing hodics in glucose 
oleriiice test in a normal person 


aooTa JO o o oQi yad ow 



Showing the vnnaUons of non glucose reducing bodies in glucose 
tolerance test m -v normal person In this case the j -reduction became 
negative at the end of two hours 
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Table IV 


Showing the vanaiions of the non-glucose ) educing bodies m sugai tolerance 
tests in some healthy conliols {nig pei 100 cc of blood) 


Senal number. 

Case number 

Ti!me in hours after 
giving glucose (1? =• 
fasting) 

Blood sugar (Folin 
Wu) 

Blood sugar (Somogyi 
copper filtrate) 

5 

5 

Ionesco method 

y reduction 

O 

C 

o 

d 

J 

6 


1 

F 

78 4 

65 6 

12 8 

235 0 

196 6 


1 

11 ' 

1 

108 1 

95 2 

12 9 


68 9 



i 

2 

83 0 

70 4 

12 6 


94 0 



[ 

F 

86 1 

76 9 

9 2 

176 0 

89 9 

22 258 

2 

12 

1 

168 0 

156 2 

11 8 

1910 

23 0 

31468 



2 

126 6 

108 1 

18 5 

94 0 

-32 6 

39 143 


( 

F 

84 7 

74 1 

10 6 

188 0 

103 3 

24 660 

3 

IG J 

1 

114 9 


80 

166 0 

51 1 

24 821 


1 

2 

131 6 

125 0 

66 

183 0 

514 



( 

F 

91 3 

80 2 

11 1 

206 0 

114 7 

30 316 

4 

17 

1 

178 6 

166 7 

11 9 

192 0 

13 4 

45 282 


1 

2 

152 7 

135 1 

17 6 

1710 

18 3 

41 061 



1 ^ 

95 2 

86 9 

83 



37 224 

5 

18 • 

1 1 

149 2 

136 1 

14 1 

■IM 

49 8 

39 143 



1 2 

1 ^ 

117 6 

103 1 

14 6 

mm 

45 4 

32 036 



1 

80 2 

74 1 

6 1 

I86 0 

104 8 

36 073 



i 

96 6 

90 9 

5 7 

141 0 

444 

36 073 

G 

31 

1 

98 0 

90 9 

7 1 

143 0 

45 0 

38 375 



n 

101 0 

94 6 

64 

148 0 

47 0 

36 073 



1 ^ 

\ 

101 5 

95 2 

63 

162 0 

60 5 

37 608 


f 

1 F 

86 9 

741 

12 8 

143 6 

56 7 


7 

S.4* 

1 1 

93 9 

79 7 

14 2 

142 72 

48 82 



1 

1 

1 

110 6 

95 2 

15 4 

167 69 

47 09 



* L'evtilo‘?c tolcranco test 


The behaviour of the tiou-"1ucosc reclucin" bodies in sugar tolerance tests in 
oases of cirrhosis of the liter are gnen in Table V The same vaiiations noticed in 
noinial cases arc also sctn hcie (Charts 3 and 4) and the results do not much difiei 
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from those seen m Tabic IV lu a case of cxirkosis of the liver (Serial No 11, Table V) 
m which the non-glucose reducing bodies w'crc estimated m Irevulose tolerance test, 
the ' glucid X ' and y-rediiction gave nregulni results 



Showing the vanations of non-glucose reducing bodies m glucose tolerance 
test in a case of cirrhosis of the liver 



Chart 4 
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T\ble V 


SliowiiK) llit wuKtlivns of the von-tjlncobc reduumj bodies m nujur 
lolcmnrc tcbtb ui iOHic typical taub of cinhobib of tin hvci 
{mg pci 100 cc of blood) 


&crml number 

L> 

c 

c 

o 

a 

C 

O 

1 5 tf 

1 

1 

L 5- 
s o 

9 ^ 

“tc 

1 “ 

! 1 s 1 

1 e-" 

’ c 

' ■§ 

’ & 

1 5 

o s 

, « 

1 

1 re 

' 1 

U 1- 

et ^ 
^cC 
£ !-• 

1 ^ 

' rs p. 

1 8 g- 

1 

1 

' u 

1 'd 

o 

1 ? 

Ionesco method 

V reduction 





1 

f 1' 

l' 93 4 

1 

82 0 

1 

10 8 

181 0 

87 6 

14 007 

\ 

2* . 

1 

1 

1 

1 141 9 

i 127 4 

16 6 

111 0 

-32 9 

18 420 

1 

1 


1 

2 

00 

1 136 0 

i 

1 

6 8 

167 0 

14 2 

17 139 




r 

1 

t 8G 5 

714 

14 1 

166 0 

^ 69 5 

36 840 




1 

i 910 

76 3 

16 7 

142 6 

49 6 

31000 

2 

7 












1 

125 0 

102 0 

' 23 0 

130 0 

6 0 

36 070 




1 ^ 

132 4 

113 0 

19 4 

1 

166 0 

22 6 

41 900 




F 

120 0 

lOS 1 

18 6 

n 

82 4 

34 921 

3 1 

8 J 

1 

1 i 

1 

215 0 

186 9 

28 1 

wm 

80 

33 386 

1 

1 


l| 

1 

2 

180 9 

163 8 

33 1 

■ 

64 1 

37 991 



r 

F 

1 67 8 , 

1 ' 

67 8 

10 0 

176 0 

107 2 

11 084 

4 

9 . 

1 

1 

97 0 ' 

86 2 

11 4 

131 0 

33 4 

32 926 



[ 

2 

100 0 1 

85 1 

14 0 

164 0 

64 0 

40 294 



r 

F 

106 3 

87 3 

18 0 

183 0 

77 7 

28 397 

5 

10 ■ 

1 

1 

250 0 

1 

224 7 

26 3 

242 0 

-8 0 

34 163 



1 

2 

161 3 

134 2 

1 

1 

27 1 

185 0 

23 7 

36 840 


* Clinical diagnnsiB \\as verified post mortem m this case 
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Non~Glncose Reducing Bodies in Blood 


Table V — concld 


Serial number 

Case number. 

Time in hours after 
giving glucose (F = 
fasting) 

Blood sugar (Folin 
Wii) 

Blood sugar (Somogyi 
copper filtrate) 

‘ Glucul X ’ 

Ionesco method 

y reduction 

o 

c 

0 

3 

e 

5 


► 

F 

79 0 

69 0 


202 0 

123 0 

26 096 

6 

16 • 

1 

100 0 

93 4 


161 0 





2 

126 6 

113 0 


166 0 

38 4 

30 316 



F 

91 3 

80 2 

11 1 


114 7 

34 638 

7 

21 - 

1 

168 0 

1613 

67 


41 0 

36 466 


^■1 

2 

162 6 

167 6 

60 

238 0 

75 6 

36 6S9 




76 6 

68 3 

83 

199 0 

122 4 

31 851 

8 

20 • 


136 0 

126 6 

94 

181 0 

46 0 

32 619 


V. 

2 

136 1 

118 3 

16 8 

194 0 

68 9 

33 386 



F 

73 5 

64 9 

86 

179 0 

105 6 




\ 

96 1 

92 6 

3 6 

169 0 

62 9 


9 

23 . 

1 

117 6 

114 3 

33 

189 0 

71 4 




li 


119 0 

1 6 

200 0 

79 6 



\ 

2 

131 0 

126 6 

5 0 

209 0 

77 4 



( 

F 

81 6 

74 6 


197 0 

116 4 

19 955 

10 

24 J 

1 

112 4 

110 6 


176 0 

63 6 

23 026 


i 

2 

131 6 

124 2 


206 0 

74 4 

24 660 


' 

F 

96 2 

76 7 

19 5 


39 8 




4 

113 0 

103 1 

9 9 


41 0 


11 

il,6* ■ 

1 

127 4 

112 4 

15 0 


32 6 








147 0 

38 9 




2 

106 4 

1 86 9 

19 5 

136 0 

28 6 



* 1 ulose tolerance test 
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Tho non-glucose reducing bodies showed the same variation as in normal cases, 
in a case of ncpliritis (Serial No 1, Table VI) and in one case of diabetes mellitus 
(Serial No 2, Tiblo VI) In anothci case of diabetes mellitus (Serial No 3, 
Table VI) the y-rcduction showed the noimal vaiiation though the values for 
‘ glucid X ’ w ere \ cry irregular 

Table VI 


Showing the vauatioiib of the non-glucose reducing bodies in sugai 
tolerance tests in othei cases {ing per 100 cc of blood) 


Scml number 

U 

c; 

s 

s 

o 

tr 

CS 

o 

lime in hours after 
giving glucose (1 = 
fasting) 

Blood sugar (I'olin 
Wu) 

1 1 
m B 1 

rj 

5)3 
^ S 

-t; cu 

O P4 

o o 

3 “ 

1 

1 

1 

^ ' 

g 1 
? 1 

1 

Ionesco method 

y reduction 

Glutathione 

i 

1 

1 Disease 

i 

i 

i 




F 

SG9 

70 2 

16 7 1 

159 0 1 

72 1 

36 69 

Subacute 


j 



1 

1 

1 




nephritis — 

1 

4 1 


1 

8-, 1 

70 4 

14 7 1 

22 0 

-63 1 

40 29 

1 ascites 

1 


1 


2 

74 1 

GO 1 

14 0 j 

212 0 1 

137 9 

40 06 




r 

F 1 

344 8 

337 6 

7 2 

402 0 

67 2 

1 

1 

1 




^ ! 

333 2 

332 0 

1 2 

410 0 

76 8 


Diabetes 




1 





1 

1 

mellitus 

2 


1 ■ 
1 

1 

OGl 2 

615 2 

46 0 

630 0 

-31 2 






It 

G15 6 

559 G 

66 0 

580 0 

-35 6 





■ 

2 

633 2 

519 2 

14 0 

550 0 

16 8 






F 

1 

304 0 

269 2 

34 8 

372 0 

68 0 


1 

1 

1 




\ 

382 8 

360 4 

22 4 

450 0 

67 2 

1 


3 

S,42j 


1 

490 8 

427 6 

63 2 

626 0 

35 2 


Diabetes 





1 




1 


mellitus 


1 


H 

47G0 

459 6 

16 4 

518 0 

42 0 

1 





2 

442 4 

412 4 

30 0 

500 0 

57 6 

j 

1 



Tables VII and VIII are examples of the simultaneous variations m 
the phosphorus distribution in the blood after glucose administration Onr 
results seem to exclude the possibility of any (^ unidentified) hexose-phosphate 
contributing to the y-reduction* 


♦ RoLison (1932) speaks ol a small fraction of the acid soluble phospbono ester in blood, ‘ possess 
lug marked reducing properties and was thought to contain a Ticxose phosphate ' ’ ^ 


44 


Non-Glucobe Redncmg Bodicb in Blood 


Table VII 


Showing ihe ]}hosphonis disfubnhoii and (he iion-gh(Cose i educing 
bodies ajlei glucose admimshation in a ease of ciirliosis 
of the live) {mg j)er 100 c c of blood) 


Time in hours after 
glucose (F= fasting) 

Blood sugar (Folin- 
Wu) 

Blood sugar (Somogyi 
copper filtrate) 

‘ Glucid X ’ 

Ionesco method 

y reduction 

Glutathione 

Inorganic phosphorus 

Total acid soluble 
phosphorus 

«n 

5 

M 

0 

tr 

O 

6 

f-> 

o 

cn 

r 

81 6 

74 6 

7 0 

197 0 

1164 

19 96 

2 325 

17 310 

14 985 

1 

112 4 

no 5 

1 9 

176 0 

63 6 

23 03 

2 247 

20 650 

18 303 

2 

131 6 

124 2 

7 4 

206 0 

74 4 

24 56 

2 181 

18 300 

16 119 


Table VIII 


Shoiving ihe phosphonis dislnbution and ihe non-glucose leducing 
bodies aftei glucose adnnnistiaiion in o healthy peison 
{mg pel 100 cc of blood) 


Time in hours after 
giving glucose (F = 
fasting) 

Blood sugar (Folin- 
Wu) 

Blood sugar (Somogyi 
copper filtrate) 

a 

5 

Ionesco method 

1 

0 

O . 

M ! 

V i 

Glutathione 

Inorganic phosphorus 

Total acid soluble 
phosphorus 

/) 

0 

s 

f 

s 

p- 

s 

"o' 

F 

80 2 

74 1 

6 1 

185 0 

104 8 

[ 

36 07 

3 270 

20 820 

17 541 

} 

06 6 

00 0 

5 7 

141 0 

44 4 

' 36 07 

3 150 

10 980 

16 821 

1 

1 

08 0 

90 9 

7 1 

; 143 0 

45 0 

38 38 

2 088 

21 210 

IS 222 

n 

101 0 

94 6 

6 4 

[148 0 

47 0 

t 

3G07 ! 

3 333 

! 20 190 

16 867 

2 

101 5 

95 2 

6 ^ 

j 162 0 

60 6 

1 

37 61 1 

2 055 

20 820 

17 865 


N Comment 

Our lesults indicate that the non-ffhicose reducing bodies vary ^\lthln wide 
limits in health and disease In spite of the fact that the Fohn and IVii method 







1 ’ K Xaxti/ana ]\le)io)) and M V Badhahishna Rao 45 


>^ivcs 1 IiijfluM U'nlin^; than tlu> amount of •flncoso actually picsent mtlio blood, the 
( Imu il mti’i pu t.it ion of the lesults obtained 1»\ this mc'thod is usually coiuct as 
the 1 eduction due to ‘ glucid X ’ is gcnciall) small 

The non-glucose reducing bodies m blood do not seem to be in any way 
responsible for the low fasting blood siigai sicn m cases of cirrhosis of the liver, 
as the average \alue of ‘glucid X’ and of )-i eduction in cirrhosis cases and 
111 normal peisons is the same Moieoiei, though the glutathione content of 
the blood is lowci than noimal iii cnrhosis cases, it cannot be considered to be 
responsible for the low blood sugai content found in the latter cases, as the 
‘ glutathione accounts foi little of the saceharoid content of the blood ’ 
(Benedict, he cif ) Platt (loc cU ) also obtained low readings for glutathione 
111 cases of cirrhosis of the In ci 

In most of the sugar tolerance tests the variations in ‘ glucid X ’ were similar to 
those 111 the blood sugar level Thus, these results are in favour of the observations 
of Fontes and Thn olle, w ho as mentioned already, showed that ‘ glucid X ’ increased 
or decreased with the increase or decrease of the blood sugar level produced by the 
action of adrenalin or insulin respectively 

IVliilc ‘ glucid X ’ vanes in the same direction ns the changes m the blood 
sugar level in sugar tolerance tests m health and disease, the y-reductiou behaves in 
a reverse manner The fall m the y-reduction at the end of one hour in most of 
the cases is fairlj constant The interpietation of the behaviour of these two 
fractions of the noii-glucosc reducing bodies in sugar tolerance tests can only be 
possible after determining thou exact nature 

Pickard (loo oil ) thought that the y-reduction is probably mainly due to the 
glutathione of the cells Baw'son and Pickard (1933) state that the non-glucose 
reduction is ‘ due to unknown substances, the amount of which increases in patho- 
logical blood, and to glutathione which lepresents approximately half of the non- 
glucose reduction m normal blood ’ But the slight changes in the glutathione 
content of the blood compared to the enormous variations in the y-reductioii in our 
sugar tolerance tests, m health and diseas’e, indicate that glutathione cannot be 
considered to be mainly responsible for the y-reduction In fact, as the reducing 
power of glutathione is only 0 2 of its weight of glucose (Benedict, loc cit ), m our 
series of healthy persons glutathione represents only 7 8 per cent of the y-reduction, 
although it represents 53 8 per cent of the ‘ glucid X ’ In a few cases (Tables VII 
and VIII , Case 7, Table V), however, the amount of ‘ glucid X ’ compared with the 
glucose equivalent of glutathione is so small as even to throw doubt on the role of 
the latter in contributing to the ‘ glucid X ’ value Pickard and his associates 
(he cit ) showed that the y-reduction ‘ does not seem to have any relation to 
creatinine ’ and consider that it may be due to several bodies Hubbard and Deegan 
(loc cit ) and Bigwood and "Wuillot (1929) also point out that neither uric acid nor 
creatinine contributes to the ‘ residual reduction ’ 

Recently, our attention was drawn to a communication by van Eekelen 
Emmerie, Josephy and Wolff (1933) on the presence of vitamin C in blood These 
authors are of opinion that it is ‘ veryjprobable that the reducing factoi in blood 
(and urine) is indeed vitamin C ’ Since then we have been collecting material 
with a view to studying the relationship between the non-glucose reducin<T substances 
presented in this paper and vitamin C or ascoibic acid 
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Non-Gh(Cosc Ecducnuj Bodices in Blood 


Summary and conclusions 

Tlie non-glucoso reducing bodies in blood in licalth and disease, iMth special 
reference to cirrhosis of the liver, v crc studied, and tbeir variations in sugar tolerance 
tests determined It is pointed out that — 

1 Tlie non-glucose i educing bodies vary within wide limits in health and 
disease 

2 The average values foi ‘ glucid X ’ and ‘ v-reduction ’ in cases of cirrhosis 
of the liver do not show much variation compared to the normal standards obtained 
in this senes The glutathione content of the blood, however, is diminished in 
these cases of cirihosis of the liver 

3 In most of the sugai tolerance tests in health and disease, ‘ glucid X ’ and 
glutathione vary in the same duection as the blood sugar, while the y-i eduction 
shows a considerable fall (most maiked at the end of one hour) with the rise in the 
blood sugai In some cases the v-reduction actually becomes negative 

4r From the data at present available the non-glueose i educing bodies in blood 
do not seem to be in anv way responsible for the low fasting blood sugar found m 
cases of cirihosis of the liver 

5 The glutathione of the blood cannot be considered to be mainly responsible 
for the ‘ y-i eduction ’ 

6 A study of the ascoibic acid (vitamm C) content of the blood and its varia- 
tions in sugar tolerance tests m these cases may throw further light on the nature of 
the ' non-glucose reducing bodies ’ present m blood 
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In several publications {Joio Phijs Chem , 1925, 29 , p 926 , 1928, 32 , p 1263 , 
1930, 34 , pp 711, 993 , 1932, 36 , p 2504 , Z anoig Chem , 1930, 191 , p 150) we 
have shown that in presence of inductors like fenous hvdro\ide, cerous hydroxide, 
manganous hydroMde, glutathione, insulin, etc , which can take up oxygen directlj 
from air under ordinary conditions, solutions or suspensions of food materials like 
staich, sugars, proteins, egg-yellow, egg-w'hite, milk, amino-acids, etc , fats (buttei, 
lecithin), glycogen and glycerol can be readily oxidized by passing: air Moreover, 
it has been shown that solutions or suspensions of these food materials can be 
oxidized to carbon dioxide and water by simpU passing air in presence of 
sunlight In presence of sunlight, the induced oxidization of food materials is 
greatly increased 

Experiments earned on in presence of light show that the amount of tartrate 
oxidized (15 6 per cent in sunlight) is greater than in the diffused light (3 per cent) of 
the laboratory Similarly other materials, such as glucose, staich, butter, egg-white 
and egg-yellow, glycogen, milk and lecithin, have been oxidized by passing air 
tlirough solutions or suspensions of the above substances in presence of sunlight 
It IS known that visible light, especially rays of longer wave lengths, can 
penetrate the epidermis to appreciable depths and hence it has been suggested that 
light acts as a preventive and curative agent in diseases by acting not only as a 
stimulant of the body cells but also as an accelerator in the metabolism of food 
materials (c/ Dhae, 1932, ‘ New Conceptions in Biochemistry ’) 

Recently, we have been able to oxidize solutions of alkali tartrates to carbon 
dioxide and water by passing air through their solutions containing ferrous or 
cerous hydroxide Our experimental results show that, by the addition of sodium 
tartrate, the amount of potassium oleate oxidized in 30 hours by 73 litres of air is 
eonsiderably decreased In the case of ferrous hydroxide as inductor, in presence of 
sodium tartrate the percentage of potassium oleate oxidized is 7 9, whilst under 
J, ME ( 49 ) 4 
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identical conditions and in absence of sodium tartrate the* pcMcenta"c of okatc 
oxidi/cd IS 40 7 The cones))onding leHiilts sMtli ccrous hydroxide as inductor arc 
16 8 pel eent and 45 1 ])ei cent respectively Hence, it is clear that the addition of 
a tartrate raarlcedly deciea'-es the velocity of the oxidization of potassium oleate 
These results seem important from the point of view of treatment of diabetes 
and prolonged fasting It is established beyond doubt that the excretion of acetone 
bodies in the uiine occiiis only in conditions in vhich a carbohjdrate is cither not 
being utilized owing to metabolic deficiency oi is missing from the food To the 
foimei category belong the diseases like diabetes or cases of poisoning with drugs 
like phloihizin , to the latter cases of continued vomiting or voliintar} abstention 
from carbohydrate food In mam cases when acetoniiria has made itself manifest 
as a result of lack of carbohydrate mateiial in the food, the administration of such 
materials causes the prompt disappearance of ketosis Tlie authors hare suggested 
the followniig explan, ition of the anti-ketogcnic properties of carboh} drates Under 
normal conclitions, the heat and energv ot the body are derived from the simultaneous 
combustion of caibohvdrates proteins and fats When, as a result of special coiidi 
tions, carbohydrate is not burning, more f.it and protein must be burnt m order to 
maintain the body temperature and activity at its normal level Hence, in unit 
time, more fat would be burning than under normal conditions, and the combustion 
of fat would be incomplete, so th,it acetone bodies would be formed It has been 
observed that whenever there is rapid combustion of fat, as for instance in hyper 
thyroidism, there is elimination of acetone bodies The same is the case %n vitro 
too Chakravarti and Dhai (Jour Ind Chem ^Soc , 1929, 6 , p 617) have observed 
that, in the rapid oxidization of fatty acids by hydrogen peroxide and ferric salts, 
there is the formation of acetone bodies They have also observed that if 
the rate of oxidization of fats be slowed down, as is the case when carbohydrates 
(® S ! glucose) are present, the amount of acetone bodies formed dunimshes Psht 
and Dhar (low Phys Chem , 1930, 34 , p 710) further find that in the slow and 
induced oxidization ot fats, acetone bodies are not formed at all, but only carbon 
dioxide and water, the products of normal metabolism 

The experimental results obtained by us show that just as carbohydrates 
decrease the velocity of oxidization of the fats, similarly taitrates can also decrease 
the velocity of the oxidization of fat Hence, a tartrate or a citrate, apart from ifs 
power of acting as a buffer in removing the excess of hydrogen ion H° generated m 
the body, serves as an anti-ketogenic substance like a carbohydrate Moreover, 
mild alkalis have been found to be helpful in increasing the oxidization of food 
materials Consequently , in the treatment of nausea and other symptoms arising 
from prolonged starvation, or in diabetes, a mixture of sodium bicarbonate and an 
alkali tartrate or citrate is likely to be more efficacious than the usual practice o 
gimng sodium bicarbonate alone, because the tartrate or citrate acting as a food an 
supplier of energy serves as a marked anti-ketogenic agent by decreasing the velocit) 
of oxidization of fatty food materials and the formation of the acetone bodies 1 
seems pretty certain that when fats are quickly and incompletely burnt m the anima 
system, acetone bodies are foimed and the real treatment in fasting and diabetes is 
the prevention or decrease of the formation of acetone bodies by causing slow' bu 
complete oxidization of the fats Any agency, which will retard the velocity of the 
oxidization of fats in the body, will be helpful in the treatment of nauseating hd 
other symptoms in fasting and in diabetes and such agencies are carbohydrate‘s oi 
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ilkah taitrafes or citrates lu acute diabetes, the animal system is almost unable 
to o\idi7e the carbohjdrates and hence the s3^stem has to depend mainly on fat for 
its sustenance Consequentlj , the diabetic has to burn more fat in an unit time 
than the non-diabetic and this leads to the formation of acetone bodies If a soluble 
citrate or a tartrate or a miytiue of both is given to the diabetic along with sodium 
bicarbonate, the diabetic is likely to utilize the citrate or tartrate as food and this 
Mill check the formation of acetone bodies by decreasing the \elocity of oxidization 
of the fats In long and continuous starvation also raoie or less the same thing 
happens After the first days of starvation, the glycogen is exhausted and the body 
has to depend mainly on fats v Inch, iii the absence of carbohydrates, are rapidty 
and incompletely metabohzed with the formation of acetone bodies This is likely 
to be prevented or considerably decreased b)”^ the addition of citrates or tartrates 
along Mith sodium bicarbonate The authors are of opinion that the citrates or 
tartrates in the drinks vill prove highly beneficial in the treatment of long fasts, 
because in such cases the body has not lost the power of oxidization and will utilize 
the tartrates and citrates as food along with the fats of the bodj 

Our experimental results show that, m piesence of traces of copper, the induced 
oxidization of tartrate is markedly facilitated, whilst in larger concentrations it 
retards the same process Hence, it appears that in the treatment of metabolism 
diseases or anaemia, the addition of traces of copper salts to iron or manganese may 
be useful 
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identical conditions .ind in absence of sodinin tartrate the peuentafic of okatc 
oxidi/cd IS 40 7 Tlic coiiespondin" results \Mtli ccious hydroxide as inductor are 
16 8 pel I cut and 45 1 pei cent icspcc lavcly Hcncc, it is clear that the addition of 
a tartrate markedly deciea'-es the leloeity of the oxidization of potas«uun olcate 
These results seem important from the point of view of treatment of diabetes 
and prolonged fasting Tt is established bc) ond doubt that the excretion of acetone 
bodies in the urine occurs onl} in conditions m uhich a carboh}drate is cither not 
being utilized owing to metabolic deficiency or is missing from the food To the 
former category belong the diseases like diabetes or cases of poisoning with drugs 
like pliloihizm , to the latter cases of tontiniicd vomiting or voluntar} abstention 
from carbohydrate food In mam cases wlien acetoiiiiria has made itself manifest 
as a result of lack of carbohydrate mateiial in the food, the administration of such 
materials causes the prompt disappeaiance of ketosis The authors have suggested 
the following explanation of the anti-ketogcnic properties of carboh} drates Under 
normal conditions, the heat and energi ol the body are derived from the simultaneous 
combustion of carbohydrates proteins and fats "When, as a result of special condi 
tions carbohydrate is not biiinin" more fat and protein must be burnt in order to 
maintain the body temperature and activity at its normal level Hence, in unit 
time, more fat would bo burning than under normal conditions, and the combustion 
of fat would be incomplete, so that acetone bodies would be formed It has been 
observed that whenever there is rapid combustion of fat, as for instance in h)^er 
thyroidism, there is elimination of acetone bodies The same is the case m viin 
too Chakravarti and Dhai (Jou? Ind CJiem Soc , 1929, 6 , p 617) have observed 
that, in the rapid oxidization of fatt}^ acids b> hydrogen peroxide and ferric salts, 
there is the formation of acetone bodies They have also observed that if 
the rate of oxidization of fats be slowed down as is the case when carbohydrates 
(® o glncose) are present the amount of acetone bodies formed dimimshes Paht 
and Dhar {Joia Phys Chem , 1930, 34 , p 710) further find that in the slov and 
induced oxidization ot fats, acetone bodies are not formed at all, but only carbon 
dioxide and water, the products of normal metabohsm 

The experimental results obtained by us show that ]ust as carbohydrates 
decrease the velocity of oxidization of the fats, smnlarly taitrates can also decrease 
the velocity of the oxidization of fat Hence, a tartrate or a citrate, apart from it® 
power of acting as a buffer in removing the excess of hydrogen ion H° generated ni 
the body, serves as an anti-ketogenic substance like a carbohydrate Moreover, 
mild alkalis have been found to be helpful in increasing the oxidization of food 
mateiials Consequently, in the treatment of nausea and other symptoms arising 
from prolonged starvation, or m diabetes, a mixture of sodium bicarbonate and an 
alkali tartrate or citrate is liliely to be more efficacious than the usual practice of 
giving sodium bicarbonate alone, because the tartrate or citrate acting as a food and 
supplier of energy serves as a marked anti-ketogenic agent by decreasing the velocity 
of oxidization of fatty food materials and the formation of the acetone bodies U 
seems pretty certain that when fats are quickly and incompletely burnt m the anima 
system, acetone bodies aie foimed and the real treatment in fasting and diabetes is 
the prevention or decreime of the formation of acetone bodies by causing slow bid 
complete oxidization of the fats Any agency, which will retard the velocity of the 
oxidization of fats in the body, will be helpful in the treatment of nauseating imd 
other symptoms in fasting and m diabetes and such agencies are carbohydrates or 
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EFFECT OX TIIYEOID CELLS IX VITRO OF THE 
' C40ITRE-XOXA ’ ASSOCIATED WITH CERTAIN 
CONDITIONS OF INSANITATION 


BY 

Sm ROBERT McCARRISON, 


\ND 

G SANKARAN 

{From the Nuliihon Research Laboralones, Indian Reseaich Fund Assoctahon, 

Coonoo), S India ) 

[Uooen od for publication March 8, 1934 ] 


In previous papers (JIcCainson and Madhava, 1932 , McCarrison, 1933 , 
McCarrison, 1933a) evidence was brought forward indicating the existence, under 
certain conditions of msanitation to which albino rats were subjected, of a ‘ goitre- 
noxa’ of unknown nature It was shown that tins noxa is water-soluble and 
possibly, therefore, water-borne 

A solution of the noxa was prepared as follows 200 grammes of the compost 
contained in the insamtarv cages in which the rats were confined (McCarrison and 
Madhava, 1932), were extracted with one litre of distilled water The mixture w'as 
allowed to stand in stoppeied bottles for 48 hours or more, being vigorously shaken 
from time to time Thereafter, it was filtered through microbe-proof porcelain 
candles (Oheavm’s) under pressure The filtrate so obtained is the solution of the 
‘ noxa ’ with whose effect on cultures of thyroid cells m vitio this paper deals If 
‘ n ’ be the amount of ‘ noxa ’ contained m each gramme of compost then the solution 
lepresents a 1 in 6 dilution of ‘ n ’ The compost from which it was prepared 
consisted of a fermenting mass of rat excreta (faeces and urine) and vegetable matter 
(cabbage, whole-wheat, cholam) , the latter being remnants of food that were 
allowed to accumulate in the cage Yeast had at one time been added to the compost 
and its activities were concerned in the fermentation processes going on therein 
To facilitate these piocesses tlie compost was Icept moist 

( 63 ) 
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EJfect of ‘ Goiiie-Noxa* on Thyroid Cells in vitro. 


Material. 

A 10 per cent solution of the ‘ noxa ’ -was made up ni Tyrode solution 1 volume 
of '’the original solution in distilled water to 9 volumes of Tyrode solution , repre- 
senting a 1 in 50 dilution of ‘ n ’ This solution was passed through a stenbzed 
Seitz filter under positive pressuic and received into sterile test-tubes These 
were plugged with steiile cotton-wool and kept in cold storage Further dilutions 
111 Tyrode solution weie made from this solution as required 


Method. 

The hanging drop method of culture was employed , the thyroid bemg obtained 
from 18- to 20-day chick embryos (McCarrison and Sankaran, 1933) Control cultures 
were made in equal parts of hen plasma and Tyrode solution , the experimental 
cuUuies were made in equal parts of hen plasma and ‘ noxa ’ in various dilutions in 
Tyrode solution No embiyo extiact was added to the cultures , comphcating 
factors, which might have been introduced by the growth-promoting substances 
contained in this extract, being thus avoided* In each experiment six or more 
control cultures were put up side by side with six or more experimental cultures 
Care was taken always to use the same plasma m each series, for the growth of 
thyroid cells vanes with the age of the plasma the longer the period that has 
elapsed since its removal from the body the poorer the growth of the cells The most 
striking results were obtained with 16-day old plasma whose growth-promotmg 
properties were depreciated by age Then, the stimulating effect of a suitable 
concentration of the noxa appeared in striking contrast to the control culture to 
which no noxa had been added Plates II and III are representative of cultures 
in which 12-day old plasma was used 


Experiments. 


A preliminary senes of control and experimental cultures showed that a 1 ni 
500 dilution of the ‘ noxa’, representing a 1 in 1,000 concentration of ‘ n ’ m the 
culture medium, completely inhibited thyroid growth 


Further dilutions, representing concentrations of 1 in 10,000, 1 in 60,000, 
1 in 250,000 and 1 m 500,000 of noxa in the culture medium, were made and 
cultures put up at each degree of concentration It was found that the higher the 
ooncentration of noxa in the culture medium the greater the inhibition of growth 
At moderate degrees of concentration, such, for instance, as one of 1 in 260,000, 
growth occurred but degenerative changes set in early It was observed, further, 
that the greater the dilution of the noxa, or the lower its concentration m the culture 
medium, the better the growth of the thyroid cells , best giowth being obtained 
when the concentration was 1 in 500,000 At this degree of concentration the 
growth of the tluwoul otlls ^^as markedly stimulated, and degenerative changes 
occurred no more rap IK than in controls Quantitative estnnates {see McCarrison 
and S 

m Tables i mu ii and aic exhibited graphically in Figs 1 and 2 



Platl II 










Platl III 



day old nbrvo chick thj roid m equal parts of 12 day 

old fowl plasma and T\ rode sn t ^ , n.4uni i 
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Living unstained, pr-parntion 


Culture put up 21 s» j^nreh I933 

compare >,„h PH.e „ 



McCa))ison and G Sanlaian 


55 


Table I 

Shoicing (he rate of gwn(h hi control cidtuics and in e^ijieiinienud cuUxcie^ (e 
n'hxch the qoitrc-noxa iias added m a eoncenU ahon oj 1 xn 600,000 


22nd Jfarch, 

19d3 


23rd Mnrdi, 19 Id 

24th March, 
1933 i 

1 

Area of 
onginil 
o\ plant 

Control cuUurcf 

Slide 11 a m i 

Ko 2d hrs 

> 

4pm 
28hra j 

10 p m 

31 hrs 

10 11 m 

40 hra 

4 p in 1 
32 hrs 

i 

1 

10 p ni ^ 
68 hrs 

10 a m 

70 hrs 


1 

d 

1 

42 

88 

idl 

180 1 

Cystic 

144 

2 

2 

20 

58 

115 1 

103 

213 1 

Cystic 

120 

d 

4 

16 1 

38 

06 

90 

Cystic 


152 

4 

3 

17 

52 

200 ^ 

315 

Cystic 


160 

I 

1 

14 

48 

00 

172 ' 

208 

502 

Cystic 

100 

1 

Totals 

26 

122 

286 

i 

041 

073 

913 


736 

Total for 5 
cultures 

20 

122 j 

>80 

\ 

041 

i 

973 

1 520 1 

1 



Relative J 
increase * j 

I 

0 03o 

0 166 1 

OdO 

0 87 1 

132 ( 

t 

i 

2 06 



Expertmenlal rvUnres 

Table II 

(Noxa 1 »a 500,000 ) 1 j 

[ 1 



1 1 

26 

48 

87 

208 

340 

516 

Ctstio 

164 

2 1 

12 

83 

157 

303 

574 

' 818 

1 Cystic 

114 

’ ! 

9 

57 1 

116 

1 215 

193 

673 

[ Cystic 

184 

4 ’ 

6 

30 

' 99 

195 

370 

Cvstic 

1 

96 

1 

5 i 

4 

33 

82 

302 

190 j 

674 

1 Cystic 

108 

6 

0 

43 

81 

146 

248 i 

456 

Cystic 

200 

Totals 

63 

! 294 

622 

1,369 

1 

2 421 

1 

3, 137 


860 

Total for 5 
cultures 

52 

245 

519 

1,141 

2,020 

3 137 


722 

Relative 
increase * 

0 072 

1 0 34 

1 

0 72 

169 

2 84 

4 35 




* Calculated from the formula 
total area of growth 


0 h G 
O ’ 


■where 0 is the area of the onginal explant and G the 
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Ejfect of ‘ Gotti e-Noxa^ on Thyioid Cells in vitro 




2 Relative growth curve of thyroid colls under the influence 
of the'uoxa (1 in 500,000) as compared with controls 
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A brief statement of the actu il cxpeiiments is given bclov — 


EvrnRiMCM 1 


ExrEBIMENT II 


I -^rEHIMFNT III 


lj\rmiMFNT I\ 


Experiment \ 


2Sth I'obniari, 1031 Cultures put up using a 1 in 10,000 concentration ot 
the noxa m the culturo modiuni 

2nd April, 1931 Control cultures showed normal growth, experimental 
cultures showed Ncrj little growth 

Ird ilarcli, lOI 1 Cultures put up using concentrations oi noxa in the culture 
medium equal to 1 in 50,000 and 1 in 250,000 

"itli March, 1911 Grow tli definitelj' hettor with the weakei concentration of 
noxa though not equal to that of controls 

(ith March, 1911 Degenerate e changes appealing earlier in the noxa senes 
than in controls 

In hotli concentrations the noxa had an inhihilorj action slight in cultures 
ha\ ing the lowci concentration, inaihcd in cultiiies Iiaving the higher 
concentration 

7th March, lOH Cultures jmt up using a 1 in 500,000 concentration of the 
noxa in the culture mediuni 

9th March, 1933 Cultures exluhitcd a marl cd stimulating action ot the noxa 
on the growth of thjroid cells as tompared with controls 

15th March, 1911 Cultures put up using a 1 in 500 000 concentration of the 
noxa lu the culture medium 

llesult as in Experiment 111 Marked stimulation ot theroiel giowtb produced 
hj the noxa in this concentration 

21st March, 1933 Qiiantitatuc estimation of giowths in control and in cxperi 
mental culturoa , concentration of noxa in the latter being 1 in 600,000 
The results, demonstrating the stimulating action of this concentration ot 
the noxa on thjroid cells, aic set out in Table I and giaphically in Eigs 1 
and 2 (see also Plates II and III) 


Conclusion 

It IS apparent from these results that a water-soluble poison existed in tlie 
compost collecting in certain cages wherein goitre had developed in albino rats , 
that when present in the culture medium m relativelv high concentration it com- 
pletel}'^ inliibited the growth of the thyroid tissue ^n vitio , that in moderate con- 
centration its inhibitory action on the growth of this tissue was less marked but 
rapid degeneration of the young cells occurred , and, that in lessei concentiation 
(1 in 500,000) it exercised a markedly stimulating action on the growth of these cells 
without seeming to hasten degenerative changes 


McCabbison and Maduan A ( 1932 ) 
McCabbison ( 1933 ) 

Idem (1933a) 

McCarbtson and Sauxaban ( 1933 ) 
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EFFECT OF CAGING ON THE THYROID GLAND OF 

ALBINO RATS 


BY 

Sir ROBERT McCARRISON, 


AND 


B G KRISHNAN, 

With a Statistical Note 

BY 

K B MADHAVA 

{From ihe Nvl)ttto» Research Labotaloiies, Indian Reseatch Fund Association, 

Coonoor, S India ) 

[Keoeived for poblioataon, March 16, 1934 ] 

Two types of rat-cage are used in these Laboratories ‘ the triple cage ’ 
(Plate rV, fig 1) and ‘ the metabolism cage ’ (Plate IV, fig 2) In the course of 
our work on factors influencing the size of the thyioid gland certain anomalous 
results were observed m rats confined in the latter type of cage It was thought 
necessary, therefore, to examine tlie possibility that the type of cage might, per se, 
have an influence on the size of the thyroid gland of rats inhabiting these cages 
The triple cage consists of a teak-wood frame (36"x 12"Xl2") lined on the 
mside with thin zinc sheeting, and enclosed, as to its sides and floor, by half-inch 
wire-netting It is divided into three compartments by two movable zinc parti- 
tions Each compartment measures 12"Xl2"XlO 2" andis provided with a zinc 
lid and a removable zinc floor The latter is in position when the animal is feeding , 
thereafter it is removed, leaving the occupant on the netted wire floor through 
which the excreta drop to a tray below Each compartment is occupied by a single 
rat This tvpe of cage, whicli is easilv kept clean, admits of the animals confined 
in it takmg free exercise , this they do by clambering about its netted wiie walls 
The metabolism cage consists of a cylinder (9 1"x7 25'') of fine wire gauze 
(0 1 inch mesh), fitted into a flanged, and paraf^-lined, tin funnel , the mouth 
of the funnel being closed by a movable and parafBn-coated circular disc of wire 

( sa ) 
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gauze (0 2 inch mesh) on which the rat lest^; Tlie top end of the cylinder is closed 
by a tin lid A small lecess is fitted to the side of the cylmdei for the accommoda 
tion of the dunking watei tube This type of cage is difiicult to keep clean , it 
does not admit of the occupant taking exeicise 

First Experiment. 

Two gioups of 48 young lats, identical as to age, sex-distiibution and bod^ 
weight, were taken from the same non-goitrous stock One gioup was confined in 
tuple cages, a single animal in each compartment The other was confined in 
metabolism cages , a single animal in each cage Both gioups weie fed alike 
on a modified ‘ stock diet consisting of wdiole-wdieat floui chapaltis lightly smeared 
with buttei, sprouted giam {legume), fresh cabbage, fiesh carrots and tap-water 
Whole milk was supplied in the proportion of 5 c c per rat per day To ensure 
the equal distribution and consumption of the milk the total daily ration of cliapalh 
foi each group was soaked in the total dail} lation of milk, until the latter was 
completely absorbed b}’- the formei Test measuiements levealed that the daih 
average food consumption was appioximately the same in the two groups The 
experiment was earned out during the spiing and eaily summer of 1933 and was 
continued foi 65 days Duiing its couise one animal in the second group (meta 
holism cages) died On the conclusion of the experiment the animals were weighed, 
killed and their thyroid glands removed The thyroids were wmighed with the 
usual precautions against loss of w'eight by drying 

Results of the Experiment. 


These aie shown in the following table — 


Number 
of rats 

Type of 
cage 1 

Initial 
a\ erage 
body y eight I 
g 

Aiciage 
final body 
weight, 
g 

A^ eiage 
th} roid 
weight, 
mg 

A\ erngo 

thj 1 Old 

size (‘ r ’) 

mgt 

Percentage 
incidence of 
true goitre X 

(1) 

(2) 

(d) 

(4) 

(5) 

(6) 

(7) ' 

48 

Tuple 

60 

12-. 

HO 

11 0 

Nil 

47 

Metabolism 

60 

126 

22 1 

17 5 

721 


t Weight in milligrams per 100 grammes of body weight 

t Glands exceeding the normal mean size (‘ i ’) by moie than 2 5 tunes the standard doMation 
from that mean (McCarnson and Madhava 1932) 


Repeat Experiment 

The details of this expeiiment weie the same as in the pievious one except that 
fowei lats were used, the animals w^ere oldei and the expeiiments wcie contmuec 
foi a longer peiiod of time (186 days) Foui gioups of rats were used, two ot 


*This diet yas estimited to contain 21 y of iodine per kilogram The dunking yatcr contniiiccl 
0 45 y of iodine per litre Set ilso foot note on page 61 
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wludi wou' fed on the samo dnt is iii tlin (iisl pxporimciit and two on a diet 
(onsisliti'; of 20 ])uls of wliolo-wliiMt floin, 20 ])<irts of oliolom (a kind of maize) 
ind GO paits of ficsli i nv ralibn'e'^ Oiu pnonp on each diet was confined in 
triple canes the othei in metaholisni ca^es 


Results of Repeat Experiment 

Tlu'sc lie shown in tlie follow imi t ihle — 


1 

1 


Initial 

Kinfll 

'o I 

I'l pp of 


aicrage 

a\t race 

u 

Ilict 

hoilx 

l>oih 

^ 1 

cagt 

«( ight 
g 

<T 

(1) 

(2) 

1 

(?) 

(4) 

(•>) 

10 ‘ 

i 

Tnple 

Modified 

StOlk 

SO 

1 (0 

11 

Metabolism 

1 do 

<)U 

142 

10 

Triple 

, C w ct 

S7 

n? 

12 

Metabolism 

1 do 

ss 

146 





Average 

iodine 

A 1 eruec 
thx roul 

weight 

mg 

Aicrago 
till roul 
size ( r ) 

»V 

Percentage 
iiieidtncc of 
true goitre 

content 

( y ) of 

glands 

per cent 
flesh 




weight 

(C) 


(S) 

(9) 

173 

i 129 

1 

Ntl 

0 0130 

25 3 

' 18 0 

63 6 

0 0010 

18 3 

13 4 

30 0 

0 0164 

20 0 

, 20 0 

91 6 

0 0060 


t C M c 1 = an nbbrocintion foi ‘ Cabbage nlieat cholam ’ 


Statistical Note. 


The statistical constants of the th} roid-si7c (‘ i or the thyroid-wei"ht in 
milli"raras poi 100 p;iammes of body-weight), determined on the theory that the 
groups examined w'eie ‘ «mall samples are as follows — 



! 

First expebimert j 

Repeat experiment 

Triple cages 

^ Metabolism 
cages 

Tnple cages j 

1 ^fefcabolism 
cages 

Number of rats 

Alcan with standard error 
Standard deviation 

Co efficient of vanabiUtv 
(per cent) 

48 

11 04 ± 1 13 

2 47 

22 

47 

17 50 ± 0 68 

4 00 

23 

20 

13 17 ± 0 40 

1 80 

14 

23 

19 51 ± 103 

4 94 

25 


* This diet was estimated to contain on the average about 22 y of iodine per kilogram Bnt 
owing to the varjmg iodine content of cabbage at different seasons of the jear in this looahti, Ike 
figure IS only approximate Tlius, the inner leaves of ‘ winter ’ cabliage contained d y of iodine per 
kilo, the outer leaves, 14 y The inner leaves of ‘summer’ cabbage contain 0 5 y per kilo the 
outer leaves, 77 7 y Tlie drinking water contained 0 41 y of iodine per litre 
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In tlie fiist experiment the thyroid-sizc in rats confined in the metaboli'm 
cages exceeded that in rats confined in tlie triple cages hy 6 46 The staudaid 
error of this difference is 1 27 , ‘ t ’ is equal to 5 1 , and the diScrcnce is, thetefote, 
statistically significant 

In the repeat experiment the thyroid-size m rats confined in the metabolism 
cages exceeded that in rats confined in the triple cages by 6 34 The standard enoi 
of this difference is 1 10 , ‘ t ’ is equal to 5 8 , and the difference is, therefore, 
statistically sigmficant 

In the repeat experiment data were available showing the distinction by dietetic 
conditions , thus — 

Stock diet — 

Metabolism cages (11 rats) Moan ‘ r ’ = 18 04 ±130 

Triple cages (10 rats) hlean ‘ r ’ = 12 02 ± 0 32 

Excess in the first over the second = 5 1 2 ± 1 34 

t = 3 8 , the difference is, therefore statistically significant 
Cabbage-wheat-clwlam diet — 

Metabolism cages (12 rats) Mean ‘ r ’ = 20 87 ± 1 44 

Triple cages (10 rats) Mean ‘ r ’ = 13 41 ± 0 75 

Excess in the first over the second = 7 46 ± 1 62 

t = 4 6 , the difference is, therefore, statistically significant 

The rats fed on either of the above diets and confined m the metabolism cage' 
showed a significant excess in the size of the thyioid gland over those fed on c 
same diet when confined in the triple cages 

These results are also expressed as frequency distributions in tabular and ni 
diagrammatic form (Figs 1 and 2) 



FREQUENCY DISTRIBUTION OF 

‘B’ 



Numbeb of bats housed m 


Range of ‘ r ’ 

Tnple 

cRgee 

Metabolism cages 


1 First 

Repeat 

First 

Repeat 


[ expenment 

experiment 

expenment 

experiment 

4 0-69 

2 




7 0-99 

13 

1 



10 0-12 9 

20 

8 

6 

1 

13 0-15 9 

13 

10 

8 

5 

16 0-18 9 


1 

21 

5 

19 0-21 9 



4 

4 

22 0-24 9 



6 

5 

25 0-27 9 



2 

2 

28 0-30 9 




1 

Totals 

48 

1 

20 

47 

23 


Frequency “3° Frequency 


FIRST EXFERIMrNT 


J 1 



Thyic.d s.iC C't*”} 

Fig 1 Frequenov distubution of thyroid Bizes (le, thyroid weights in mg 
100 g of bodj weight) in the first otpenment Note positive skewmess of t'le 
iienov distribution diagram (indicative of tho incidence of goitre) of thyroid sizes 
its confined in metabolism cages 

REPEAT EXPERIMENT 



Thyroid size ("r”) 

Fig 2 Frequency distribution of thyroid sizes (le, thyroid weights m mo 
per 100 g of body weight) m the repeat expenment Note positive skewness of 
the frequenoj distnbution diagram (indicative of the incidence of coitrel of 
thyroid sizes in rats confined in metabohsm cages “ ’ 
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iMthipnm 111 the Itai 


extracts so obtained wcic ficed of the solvent and the residue taken up in olive oil 
This vas adniinisteicd intiapeiitoncall> to } oiing adult male lats m doses equivalent 
to 100 giammes of the lathjius Ko sjuiptoni': rcfciabl'^ to the ncivous sj^stem 
lesulted fiom these inoculations 



Text no TIRE —Composite ucight curve of clercn joung 
nts fed for 42 dajs on an exclusive diet of Lallii/nis salmis 
and water 


The result of this experiment was the same as that pieviously reported from 
these Laboratoiies (McCariison, 1927) An exclusive diet of Lathjnis sattws failed, 
within a period of six u'eeks, to cause lathyiism oi any disease of the nervous 
system, recognizable clinically as such, in albino rats 
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[Received foi publication March 27 1934 ] 


FiriLEN years ago attention was drawn by the senior author (McCarrison, 
1919 to 1922) to the important relation that exists between the vitamin content of 
food and the functions of the gastro-intestinal tract It was shown by experiments 
carried out on pigeons and on monkeys that faulty food deficient in vitamins gave 
rise to cellular changes indicative of impaired functional ejBiciency of such structures 
as the peptic glands, the glands of Brunner and those of Leiberkuhn, the mucous 
glands, the musculatis mucosae, the neuro-mu'^cular mechanism and the lymphoid 
tissue of the tract Monkeys fed on autoclaved diets were prone to develop gastric 
and intestinal disorders and some had gastric ulcer Gumea-pigs fed on scorbutic 
diets not infiequentlv developed duodenal ulcer Albino rats (McCarrison, 1931), 
fed on certain national diets of India, were found to have ulcers of the stomach 
and/or duodenitis in a relatively high proportion of cases — these diets being deficient 
in vitamins of the A, B and C classes It was apparent from these observations 
that while all these classes of vitamins had a relation to the health of the gastro- 
intestinal tract priority of place in this regard was to be accorded to vitamin B 

The original observations referred to above were confirmed and extended by 
other investigators, notably by Cramer who, as recently as February of the present 
year, has again emphasized the importance of the relation of vitamin B to gastro- 
intestinal functions (Cramer, 1934) Attention may also be dii ected to three other 
recent publications which bear on the relation of vitamin B to the functional efi&ciency 
of the gastro-intestinal tract The first deals with the interesting and suggestive 
observations of Florey and Harding (1933) in regard to the functions of Brunnei’s 
glands and the pyloric end of the stomach They have found that the secretion of 
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these glands is highlj’- alkaline (pH 8) , the alkalinity being due to its content of 
bicarbonates The significance of this alkaline secretion for the protection of tie 
gastiic and duodenal mucosa is indicated by them, and a possible relationship 
between a failure of secretion and the iiroduction of peptic ulcer is suggested The 
second papci lolates to the pioduction of gastiic ulcers in albino rats as a result 
of the specific influence of deficiency of vitamin B, uncomplicated by inanition 
(Siiie and Thatchei, 1933), and the thud (AVcbstci and Armour, 193f)proMdcs 
expeiimental proof that ‘ the pi esence of vitamin-B complex in the bodyis absolutely 
essential foi the activity of the gastiic glands ’ As to the fraction of the complex 
lesponsible for this activity conclusive cMdence is not yet forthcoming In regard 
to it these authors say ‘ At piescnt we max” onlx” state that autoclaxmd yeast, which 
presumably contains more x'ltamin B 2 than Bj, was 01100^6 in restoring the normal 
reaction of the gastiic mucosa to neivons and chemical stimuli, although it tool a 
much longer time than non-antoclax”cd x”east ’ It is a matter of little practical 
importance — though of much scientific interest — xvhether the proper functioning 
of the gastiic glands, and othoi parts of the gastro-intestmal tract, depends on an 
adequate supply of xntamm Bj B 2 , B 4 01 Bx ^^^lat is of importance is that a 
sufficient supply of the xntamin-B complex is essential to the normal functional 
efiiciency of the tract as a whole The present paper proxndes further evidence of 
this truth 


Feeding Experiments 

Six one-year old xvhite leghorn cocks of the same strain weie fed as follows 
Three on a mixed diet of whole giains and gieen vegetables and three on an exclusive 
diet of xvashed, polished rice The washing of the rice was x’-ery thorough so as to 
lemove as much of its xatamin-B content as possible (McCanison and Norris, 1924) 
After washing, it was spread out on flat trays to dry m the sun The birds were 
not artificially fed but were allowed to eat as they chose All three' developed 
'polyneunhs gaJHnaium one on the tx\”enty-sixth, one on the thirty-first and the 
third on the thirty-second day of the experiment , the control birds, fed on the 
well-constituted diet, meanxxdiile remaining in perfect health On the first 
appearance of polyneuritis the affected bird was bled from the carotid artery under 
strict aseptic conditions At the same tune a control bird was similarly bled 
Unfortunately, one of the polyneuritic buds died under this operation The plasmas 
thus collected were used for tissue-cultui e experiments The pH of the plasrna 
from control buds xvas 7 85 ,''that of plasma from the polyneuritic birds, 7 80 1 

was obserx’'cd that the plasma obtained from the polyneuritic birds was of a greenis 1 
tinge {see also McCarrison and Sankaian, 1933) 


Tissue-culture Experiments 

The hanging drop method of tissue culture was used The media employed 
consisted of equal parts of the abox^e plasmas and Tyrode solution Bor the sake 0 
brevity the two media, in which the growth of embryonic intestine is to be contaas e > 
are referred to as ‘ polyneuritic plasma ’ and ‘ normal plasma ’ , no further reference 
to their dilution with Tynode solution being made The tissue used was the uppe 
part of the intestine of the 8- to 9-day old chick-embryo Six cultures 
up in the fresh plasma of each polxnieuritic bird and ■’ix in the fresh plasma ot 1 
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(6) In ‘ iioimal plasma ’ tho growth was mainly epithelial , vast sheets of it 
spreading out into the medium in periods as short as 48 liours incuba- 
tion (Plate V, fig 1, and Plate VI, fig 3) Such scanty growth as did 
occur in ‘polyneuritic plasma’ was mainl)'^ fibioblastic (Plate V, 
fig 2) although in some specimens (Plate Vl, fig 4) a restrained 
epithelial giowth was also apparent 

Foity-eiglit-lioui cultuies in ‘ polyneuiitic plasma such as aie illustrated in 
Plates V and VI, figs 2 and 4, w^eie sub-cultuied into ‘ polyneuritic plasma ’ and 
iiitso ‘ normal plasma ’ The results of this pioceduie are shown in Plates VII and 
VIII, figs 5 to 8 They may be summarized thus * — 

(1) An)’’ groivth of the original explant that had occiured after 48 hours 

culture in ‘ polyneuritic plasma ’ lapidl)’’ disintegrated on the transfer 
of the explant to a fresh supply of this plasma , leaving at the most a 
few stra)'- fibroblastic irrotiusions from its surface (Plate VII, fig 6, 
and Plate VIII, fig 8 , compare wuth Plate V, fig 2, and Plate VI, 
fig 4) 

(2) Forty-eight-houi cultures in ‘ pol3meuritic plasma ’ exhibited on trans 

ference to ‘ normal plasma ’ considerable epithelial growth after 24 
hours in the latter (Plate VII, fig 5 and Plate VIII, fig 7) But the 
sheety grow^ths of epithelium w^ere thin often faint, and soon became 
vacuolated Contact with the ‘ polyneuritic plasma ’ for 48 hours 
previous to their transfer to ‘ normal plasma ’ had apparently 
impaired the vitality of the cells Giowth in these cncumstauces 
was mainly epithelial, though occasional cilia-like fibroblastic out- 
growths were also to be seen 


Conclusion. 

Growth 171 vitio of intestinal epithelium of the embrym chick is greatly impaued 
by deficiency of vitamin B in the plasma wdierein the intestinal tissue is cultured 
It IS possible that this impairment, as illustrated in the present experiments, is not 
due solely to deficiency of this vitamin but depends to some extent also on other 
changes in the plasma brought about by subsistence on the rice diet whose major 
fault was one of deficiency of vitamin B 


REFERENCES 


Ceamee, W (1934) 

Floefa, H VV , and Habding, H E 
(1933) 

MoCareison, R (1910) 

Idcni (1919a) 

Idem (1919!)) 

Idem (1920) 

Idem (1921) 

Idem (1922) 

Idem (1931) 

Idem (192S) 

^lcCvRRIS 0 ^, R , and NoEEib R V (1924) 
Surf B and Thatcher, H S (1913) 
Mfr'^ifr D R and Vrhoue f C (1914) 


Pioc Boy Soc Med , London, 27, p 4S5 
Jour Path Bactendl , 37, No 3, p 431 


Ind Jont Med Res , 6, No 8, p 275 

Ibtd, 7, No 1, p 167 „ 

Ihd , 7, No 2, pp 283 , 308 , 342 

Ibid , Indian Science Gonqress Number p 
‘ Stndie'5 in Deficiency Disease ’ London , 

Sixth Mellon Lecture Universiti of Pittsbnrgl' 
of Medicine 

Brit Med lour , June 6, p 966 
Ind Med Res Memoii, No 10 
Ibid , No 2 

Aich Pathol 16, No G p 809 
Pror Soc Lifer Biol Med , 31, No 4 p 463 



tnd lour Med , 22, 1, Julr, 1934 


ATTEMPTS TO PRODUCE URIC ACID CALCULI 
IN ALBINO RATS 


nv 

S RANGANJlTHAN 

{From the Nutrition Reseaich Lahoratoiies, Indian Rcbcarch Fund Association, 

Coonoor, S India ) 

[Received for publication March 8, 1934 ] 


Chemical aun lysis of human, cattle and rat stones (Newcomb and Ranganathan, 
192*^ , Ranganathan, 1930a, 19306) has shown that while most human stones 
contain uric acid or urates (the nric acid content varying from less than 1 to over 96 
per cent of the weight of the stone), cattle and rat stones are free from it This is 
attributed to a difference m the physiological disintegration of purine bodies, whereby 
the process in man stops short at uric acid, while in cattle and rats the uric acid is 
further oxidized to allantoin The latter, being several times more soluble than 
uric dcuP, goes into solution m the urine and does not form a constituent either of 
cattle or of rat stones 

This conversion of uric acid to allantom is accomplished by the enzyme, uncase, 
found in all animals except man and higher apes In man the ‘ uricolvtic index 
representing the ratio of allantoin nitrogen to the sum of uric acid mtrogen and 
allantom nitrogen, is low, being of the order of 34 (Hunter and Givens, 1914) , in 
rats it is high, being of the order of 95 or 96 

The aim of the present investigation was to ascertain whether uric acid, if 
ingested in amounts largely m excess of that normally oxidized by uncase in rats, 
would appear in them urine as such , and, if so, whether the production of uric acicl 
calculi in lats was possible To these ends, the following experiments were 
undertaken — 


Experiment I 

Three groups of four young albino rats, of the same group body-weight, were 
used Each group was made up of two males and two females They were kept 


* Solubility ol unc acid m 100 g of uater at 20°C =0 006 g (Seidllu ‘ Solubilities of Inorgame 
and Organic Substances’, 1917) Solubility of allantom 0 6 g in 100 a of water in cold CThn 
Chemists' Year Book’, 1925) ' 

( D ) 
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Attempts to Pioduce Utic Acid Calculi in Albino Rats 


in individual metabolism cages , then urine being collected in flasks coutainiDg 
crystals of thymol They were fed as follows — 

Group I on ‘ stock ’ diet, composed of wholc-v heat flour cakes {cltapalhcb) 
smeared with buttei, sprouted gram, fiesh cabbage, carrots and 
about 10 c c of milk per rat per day This gioup served as controls 
Group II on the same diet as Group I togethci with five to ten giammes of 
fresh spleen (sheep) per lat per day 
Group III on the same diet as Gioup I together with uric acid admixed 
with the food 

The anmials m Gioup II were given their daily dose of spleen in the morning 
when they were hungry , after the spleen had been eaten, they were given then: 
food ration Similarly, the animals in Gioup III were fiist given their daily dose of 
uiic acid, in the form of pills made up with chapaili, and then their daily ration 
The initial dose of uric acid was 10 mg per lat per day , this was gradually increased 
until the animals were receiving as much as 200 mg daily 

The urine voided by the four annuals in each group wa® mixed together and tlie 
uric acid and allantoin contents of the mixture determined, the estimations always 
being made on fresh specimens The nricolytic mdex was calculated therefrom 
Uric acid was estimated color imetrically by Benedict’s method Allantom was 
estimated by Christmann’s method (Christmann, 1926) , this wms shghtly modified 
so as to reduce the number of mampulations Christmann’s method was followed 
in all its details up to the point at which the mercuiy-aUantoin piecipitate was 
obtained , but instead of liberating the allantom from this precipitate and converting 
it to oxalic acid for titration against permanganate, the nitrogen content of the 
mercury-allantom precipitate w’as determined and the allantom values computed 
therefrom. This method gave, even with small amounts of allantom, yields varying 
from about 90 to 96 per cent of the theoretical Its acciuacy w'as further tested on 
samples of urine and on urine to winch known amounts of allantom weie added , 
good recoveries were obtained 

The results of this experiment were as follows — 

(1) The uric acid content of the urme of animals fed on the ‘ stock ’ diet phs 
uric acid (Group III) was not gi eater than in those fed on the ‘ stock ’ diet 
spleen (Group II) (2) The imc acid content of the urine of the animals m Group IB 
was only slightly greater than that present in the mine of those fed on the ‘ stock 
diet without added uric acid (Group I) , the shght increase in the formei wms not 
commensurate with the laige amounts of uric acid ingested (3) The allantom 
content of the urme of rats in Group III was shghtly increased, but the mcrcase was 
not proportional to the amounts of uiic acid ingested (4) The uricolytic indices did 
not show any appreciable differences in the three groups the values for Group Bf 
varied between 93 7 to 98 1 , for Group I, between 92 9 and 97 9 , for Group B, 
between 93 4 and 98 3 

It was surmised from these results that the major part of the ingested uric acid 
escaped assimilation , or, if assimilated, that it was not oxidized to allantom but to 
some other mtrogenous product Accordingly, the total nitrogen content of tJie 
fresh urme was estimated The results showed that the nitiogen content of the 
urine of rats in Group III was only shghtly higher than that of those in Gioup i, 
while that of the rats in Gioup II was distinctly highei The absence of an luciease 
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eitlici in mic icid oi in allant oiii oi in total nitiogen in the urine of the animals 
ingesting uric acid shon s that, nhen administered oially, uric acid is not assimilated 
to any appieciable extent Determinations of the uric acid content of the freces 
showed that the foiccs of the animals ingesting uric acid (Group III) invariablj 
contained more uiic acid than those of the animals in the othei two gioiips, even 
after allonance was made for the variations m the amounts of faices excreted in the 
diflcrcut groups 


Experiment II 

To facilitate the better assimilation of iiiic acid when ingested as such, the 
animals m Group III were given sufficient sodium carbonate along uith the uric 
acid to form the soluble mono-sodium urate (10 mg of Na 2 C 03 to every 31 7 mg 
of uric acid) The mixture of sodium caibonate and uric acid was administered 
111 gradually incrcasmg amounts, beginning with a dose containing 10 mg of the 
acid and ending with one contammg 100 mg per rat per day The animals in 
Groups I and II were fed as m Experiment I 

The uric acid, allantoiu and total mtrogen contents of the urine of the annuals 
in the three groups weie estimated and the uricolytic indices calculated therefrom 
The results showed that the uric acid content of the urine of rats m Group III was 
not increased to any considerable extent m consequence of the mgestion of a mixture 
of uric acid and sodium carbonate , the allantoiii content did show an increase, but 
the increase was not proportional to the amounts of uric acid ingested Sodium 
carbonate did not, therefore, favour the assimilation of uric acid , an observation 
confirmed by the relatively poor nitiogen content of the urine of animals m 
Group III 


Experiment III 

^^^lllfi continmng to feed the animals in Groups I, II and III m the same way 
as in the previous experiments, those of Group III were given subcutaneous and 
intravenous injections of an isotonic solution of uric acid The initial dose of uiic 
acid injected into the ammals of Group III was 2 mg , this was gradually increased 
up to 96 mg per rat per day Estimations of the uric acid, allantoin and total 
mtrogen contents of the mine of animals m the three groups were made The results 
showed that the intravenous or subcutaneous injection of uric acid did increase the 
uric acid, allantoin and total mtrogen contents of the urine , but this increase was 
not m proportion to the amounts of uric acid injected Thus, the maxunmn amount 
injected (96 mg into each of four rats) caused an increase m the uric acid content 
of the urine which averaged barely 2 mg more than that in the controls not receiving 
injections of this acid The volume of urine voided by the animals receiving injec- 
tions of uric acid was not appreciably different from that of the controls not receiving 
injections of this acid 


Experiment lY 

The next step in the investigation was to administer phenyl cinchonic acid 
(dtophan) orally with subcutaneous injections of uiic acid to the animals in Group III, 
while tliose m Groups I and II were fed as in the previous experiments (Atoplian 
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made to inci ease have a higli imcolytic index, attempts vote 
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rncrease when the mic kerd nitrogen , nor vas there an apprecmb-c 
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i'iono-sodium urate 

(o) intravenous and subeninr.,..^ i 

did increase the uric acid, allaiitoi"n isotonic solution of ufc^‘ 

mci ease was not commensui ate wun cr mti’ogen contents of the urine, hut the 
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tration of uric acid in the urine was ^iioreased so that the percentage concen 
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intravenous administration of unc iior bhe subcutaneous nor tbc 

creased the level of this acid rn the blood 

Tlie above observations appear 

of unc acid calculi m albino rats is notVo^siblo^ experimental production 
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Introduction 

A RAT-FLEA survey of the Madras Presidency was commenced in 1928 and the 
results have been published in a series of thirteen regional reports and a summary 
(King and Pandit, 1931) A geographical survey of plague m the Presidency was 
compiled by the former Diiector of Public Health (Russell, 1930) As a sequel 
to these studies it w<is suggested by Dr C G Pandit that the problem of plague 
recrudescence might profitably be investigated m the Cumbum Valley Accor- 
dingly the senior writer, who had been connected with the flea survey work, was 
appointed for this special duty and commenced field observations in May 1930 
His expenses have been met largely by the Induiu Research Fund Association and 
he has worked under the administrative control of the Director of Public Health 
Lieut -Colonel H H King, i M s , Director, King Institute, who has been in dose 
touch wnth this work from the commencement, and we have to thank him for much 
valuable advice as well as for the loan of personnel and laboratory appliances 
Lieut -Colonel J R D Webb, i m s , Director of Public Health, has spared no 
eSort in securing facilities for the field workers and has successfully obtained the 
co-operation of various local bodies His visits to the field laboratory, often in 
company with other medical men or administrative officers, were a source of 
great encouragement 

Methods 

The technical methods adopted arc largely those of the Hifikine Institute as 
detailed in a paper compiled by one of the authors (Webster, 1932) and need not be 
repeated here The main facts regarding the identification of the rodents have also 
been collected and published elsewhere (Webster, 1933) The fleas encountered 
have belonged to a very few well-known and easily-identified species A recent 
improvement in methods is the recognition that the bone marrow is one of the most 
satisfactory sources otjplague bacilli in plague-infected carcasses especially when 
putrefaction has commenced (Reynal and Wassilieff, 19331 

( 77 } 
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Plague Inqiniy lu the Cimhuui Valley, South India 

TorormAi’iTY 

The Cumbum Valley is p.nt of Pcnyahiil.im tahik of the Madura district^ 
Cumbum village, where the field laboiator^ vas established, is about Lat 9 41' 
N and Long 77° 17' E The Valle's is 35 miles long from Them to Kumili it h 

Mw 
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4,000 feet above se.i-le\cl with peaks icachiiig to 6,000 feet or more The steep 
slopes of these hills foim a intuial baiiiei which is cut by only one road, that 
which passes into Tiavancore at Kuinili Them is about 1,000 feet above 
sea-level and the valley slopes up to about 1,450 feet at Gudalui In the centre 
of the valley the land is wet and fertile being irrigated by perennial streams 
The high sides of the valley eoiisist of diy Madras led soil, partly cultivated under 
wells Limestone is geiieially met at a depth of two or three feet and rock appears 
111 places 

Climate 

No official records aie kept of climatic conditions m the Cumbum Valley except 
for the rainfall at Uthamapalayam In general the climate is equable and extreme 
heat IS avoided by reason of the cool bieeres from the high lands to the West We 
ha\c now a three years’ record of the dail}’’ maximum and minimum wet and dry 
bulb thermometer readings taken in the field laboratory m Cumbum village These 
were not taken under stand ird conditions, i c , m the Stevenson screen, but in a 
mud-walled, straw'-roofed building Table I show's average monthly figures com- 
piled from these readings, along with the rainfall figures for Uthamapalayam The 
saturation deficiency has been calculated from Sam readings only The mean 
monthly temperature has varied fiom 85 7°F in April 1933 to 72 8°P m January 
1932 The highest mean daily range was 20 8°F in March 1931 and the lowest 
6 0°F in September 1933 As regards saturation defieiency it appears that the 
spring of 1931 was distinctly more dry than that of the two following years 
The average rainfall, according to the official records, is 27 42 inches, more than 
half of which occurs during the North-East monsoon in the last three months of 
the year Ram occurs almost every month and the eountryside rarely assumes 
the familiar burnt-up hot weather appearance — 

Table I 


Meteoi ological data, Cumbum, 1931-1933 


1 

Year and month 

Mean tomiie I 
rature °F | 

Mean range 
op 

Mean S D , 
luches 

Rainfall, 

inches 

Rainy days 

1931 

January 

74 3 

14 5 

0 17 

0 07 

2 

February 

77 3 

18 5 

0 21 

Nil 

Nil 

March 

84 4 

20 8 

0 35 

1 IS 

1 

April 

84 5 

15 7 

0 34 

8 97 

4 

May 

85 4 

14 0 

0 33 

1 99 

2 

June 

81 3 

96 

0 35 

0 19 

1 

July 

79 7 

9 7 

0 9S 

0 44 

2 

August 

77 5 

7 7 

0 23 

3 24 

16 

September 

78 7 

10 9 

0 26 

0 93 

5 

October 

79 0 

11 8 

0 27 

4 69 

10 
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TikllLI ]~(n)i(hJ 


Vi ai and mouth 

. 

Mean tempe 
rat lire, “F * 

Moan range 
°F 

Mean S D , 
iiu lies 

Rainfall, 

inches 

Rainy days 

lOtl 

1 





No\ ember 

7R7 

10 9 

0 10 

9 03 

13 

i 

Decomber 

74 G 

8G 

on 

9 22 

12 

1932 1 






Jaiuiary 

72 S 

14 4 

0 10 

Nil 

Nil 

February 

7G S 

15 2 

1 

0 22 

0G6 

2 

March 

7G3 

9 2 

0 23 

OOG 

1 

April 

34 t 

19 8 

0 31 

2 39 

6 

May 

SI 2 

10 9 

018 

9 49 

12 

June 

81 2 

9 G 

0 31 

2 39 

6 

July 

79 1 

77 

0 25 

0 8G 

11 

August 

80 0 

10 9 

0 33 

4 9G 

It 

September 

30 1 

8 9 

0 23 

0 9G 

G 

Oetobei 

79 3 

G3 

0 13 

GOO 

20 

November 

79 1 

11 r. 

0 14 

0 31 

13 

December 

74 4 

102 

0 11 

0 77 

G 

1933 






January 

79 7 

11 3 

0 13 

Nil 

Nil 

Fpbruar\ 

73 3 

1G3 

0 24 

Nil 

Nil 

March 

32 8 

17 6 

0 21 

1 20 

3 

Apiil 

39 7 

148 

0 23 

1 31 

9 

May 

32 9 

123 

0 19 

2 93 

13 

Juno 

79 7 

09 

0 20 

1 74 

9 

JuU 

73 3 

9 1 

0 29 

3 02 

10 

August 

79 3 

10 2 

0 30 

9 33 

19 

September 

79 4 

GO 

0 31 

3 01 

11 

October 

77 7 

12 9 

0 14 

10 80 

17 

November 

77 0 

13 9 

0 13 

7 92 

9 

December 

79 4 

14 1 

0 13 

049 

3 
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Local conditions 

The population of tlie vnllov is about 300,000, living in 50,000 houses 
There are about 60 villages mostly with 2,000 to 10,000 inhabitants Per square 
mile there aie 396 persons (Pei i> ahulam taluk, 1931 census) Most of the people 
are Hindus, chief!} of the lower castes, Tamil is tlie mother tongue of more than 
half the popul ition and this is the common language of the valley Telugu and 
Kanarese are also quite common Most of the lioiises are built of mud and are 
generally roofed with straw tliatch, but sometimes with galvanized iron Grain 
IS stored in the houses in earthenware pots or in basket-work containeis plastered 
with cow-dung The w'ell-to-do farmers and merchants may have a mud-walled 
granary attached to their houses Some grams, like oholam, are buried m large 
pits outside 

The only industr} is agriculture The people are almost entirely employed in 
the cultn ation of land or the tending of flocks, and wages are low One peculiai ity 
IS that the large flocks of cattle and goats arc driven into the villages at dusk for 
safety from the Kalians, a caste w'hose hobb} is cattle theft For this reason the 
fields are deserted at night and there is gioss overcrowding in the villages As often 
as not the cattle share the human habitations Matters of hygiene are completel} 
Ignored 

Rice, cholam, ragi and samai are the chief produces but cotton, gram and 
tobacco are also grown in places and theie is a large varietv of minor crops Gram 
is exported to other parts of the Madura District and to Travancore via Kumih 
Several markets (shandies) are held weekly and large quantities of gram are trans- 
ported from place to place in consequence Them weekly market is one of the 
largest m the Presidency and may attract as many as 1,000 bullock carts Until 
a few years ago there was practically no traffic in this area except bv bullock cart 
The railway from Madura through Them to Bodinayakkanur was opened in 1929 
and there is also a regular motor-bus service on the roads from Them to Gudalur, 
Bodinayakkanur, Periyakulam and Madura 

Human plague in the Cumbum Valley 

Indigenous cases of human plague were not detected in the Madura District 
until 1910, although for ten years before that many paits of the Presidency including 
the neighbouring district of Coimbatore had suffered severely from plague It was 
ten years later before human plague infection was recognized in the Cumbum Valley 
The history of the first cases m 1920 cannot now be traced Table 11 shows the 
reported cases and deaths for the last eight years The'^e are the quarterly totals 
of the figures from the various villages of the vallev 

It will be understood that the diagnosis of plague is rarely made by a medical 
man and that there must be many errors of omission and commission Thus, the 
case mortality for the year is 39 per cent but that for the last quarter of the year 
IS lower than that for the other quarters This is believed to be due to the inclusion 
of some cases of malarial fever among the ‘ cases ’ On the other hand mild attacks 
must often go unrecorded Human plague figures are available from half a dozen 
sources but these do not agree Sometimes imported cases are shown separately 
The date under w^hich a case is reported may not be the same in the different 
records This explains certain discrepancies m this paper 

J, AIE 
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It IS deal that thcic is mudi less plague in the second quarter of the year and 
the figures for that pcnocl ate shown in greatci detail in Table III It cannot be 
said that there is <i definite off-season foi plague, foi, as often as not, there are 
numerous cases lu every month of the yoai Only once in the eight years has a 
period of two months passed with no recorded death from plague The seasonal 
incidence will be discussed more fully later 


Quarter 

year 


Totals 



Tablt: II 

Human 'plague in Cumbum Valley 


3 


Cases Dcatlis 



Cases Deaths 


160 83 17 11 226 

135 34 140 62 783 

530 246 1 30 22 260 

( 

1 

375 176 I 125 41 142 

Ir 

304 160 j 115 49 296 

556 287 { 7 3 382 


100 97 4( 00 231 



274 1,524 63( 

113 912 383 

167 1,104 516 


123 

45 

183 

68 

1,004 

265 

24 

10 

3,277 

1,296 

650 

266 


3 382 178 215 61 1,160 

i8 699 278 1,000 310 2,014 

0 337 101 273 107 1,638 



Percentaee of 
mortality 
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Table III 


Plague in the second quailei 



ArRTL 

Mv\ 

Juar 

Year 







Cases 

Heaths 

Cases 

Deaths 

Cases 

Deaths 

1020 

8 

S 



9 

3 

1927 

4 

2 

39 

18 

97 

42 

192S 

9 

1 

0 

t 


30 

16 

1929 

6 

4 

72 

96 

48 

11 

1930 

29 

11 

44 . 

13 

42 

26 

1931 "" 





7 

3 

1932 

19 

9 

26 

13 

138 

46 

1933 

4 

3 

3 


17 

7 


Rat-plea survey 

The rat-flea survey of the Cumbura Valley by one of us (P V G ) in 
1928-1929 (King el al , 1929) showed the following data — 



Bata examined 

cheopii index 

aslw index 

1 

Uthamapalavam 

233 

4 69 

2 30 

Them 

202 

2 on 

4 87 


It was noted that in Them the proportion of cheopis to all rat fleas was much 
higher in cotton godowns than elsewhere 

The results of a continuous rat-flea survey over a period of three years are now 
collec^d in Table IV The figures refer entiiely to Rattus rattus VTiite-bellied, 
black and brown varieties were all numerous but the majority were brovn No 
attempt has been made to distinguish them either as regards flea infestation or 
plague infeetion The numbers of rats caught per hundred traps set have been 
omitted There are many variable factors affecting such figures apart from the 
size of the rat population It is certain, however, that house rat iiffestation is a 
marked feature of life in the villages One point of interest is that of 7,143 rats 
trapped singly, no less than 4,485 or 62 8 per cent were females Similar figures 
were obtained in the great majority of the regional rat-flea surveys of the Presidency 
Tins IS contrary to the experience of certain French authorities who have recently 
condemned trapping as an anti-rat measure because more males than females are 
caught and breeding actually increases (Loir, 1933) 
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As regards the fleas, only cheopis and asHa need be considered Actually 136 
EchidnopJiaga gallinaeea and four CtenocepJialtdes sp were also obtained The 
gross flea-index has varied from 7 0 in September 1933 to 2 6 in April 1933, the 
average being 4 3 Generally speaking there were more fleas per rat in the cold 
weather Reference to the figures for the specific flea-indices shows that the change 
in the index from month to month affected chiefly the cheopis population The 
index for astia has varied from 2 1 to 0 6 but has usually been between 1 0 and 2 0 
The cheopis index, on the other hand, has varied from 5 1 to 1 4 The figure between 
March and August inclusive has not been above 3 0 

The sex of the identified fleas was noted and according to the totals the females 
imounted to 41 5 per cent in the case of cheojns but 54 8 per cent in the case of 
astia Tins difference between the two species of Xenopsylla has been noted 
on several occasions by different observers but has not been explained No 
attempt has been made to distinguish the type of premises in which the rats 
^\ere trapped In the villages of the Cumbmn Valley there is no separation of 
residential and commercial areas — 


Table IV 


Rat-flea survey, Cumhuin Valley, 1931-1933 


Year and month 

Number of 
R railu‘> 

Number of 
fleas 

Total flea 
index 

cheopis 

index 

a’ltia 

index. 

Human 

plague 

deaths 

1931 

January 

380 

1,870 

49 

3 9 

1 0 

165 

February 

289 

1,970 

68 

5 1 


90 

March 

337 

1,175 

35 

2 1 


32 

April 

265 

084 

37 

2 2 


0 

May 

163 

441 

29 

1 6 


0 

Juno j 

215 1 

i 

655 

3 1 

1 4 

1 6 ! 

1 

C 3 

Jul3 

184 

655 

36 

21 

1 4 

7 

Augu"!! j 

154 

618 

40 

29 

1 1 

71 

September 

178 

032 

52 

36 

1 7 

li'O 

October 

202 

1,089 

54 

34 

20 

32 

Noycmber 

106 

918 

47 

34 

1 3 

S 

December 

208 

828 

40 

27 

I 

1 3 

1 

21 
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Tabll IV — concid 


icnr nnd inontli 

Number of 

Jl rail us 

Number of 
fleas 

Total flea 
1U(10\ 

chcopis 

indov 

aslia 

index 

Human 

plaguo 

deaths 

1032 




1 



Jammrs 

297 

1,655 

56 

44 

1 2 

30 

rdinmrj 

297 

1,194 

40 

28 

1 2 

12 

March 

00 

177 

3 1 



3 

April 

1G7 

494 

30 



9 

Mav 

G) 

262 

40 

23 

1 7 

13 

Juno 

207 

636 

3 1 

20 

1 0 

46 

JuK 

J03 

1,178 

18 

29 

08 

91 

August 

380 

1,336 

3 5 

27 

08 

69 

Soptoml'or 

134 

763 

50 

37 

1 2 

128 

October 

239 

1,172 

49 

39 

1 0 

58 

November 

193 

950 

1 

50 

43 

07 

104 

Dccemljer 

215 

765 

1 

36 

27 

09 

148 

1933 







January 

264 

1,010 

39 

3 2 

07 

129 

February 

86 

307 

35 

25 

1 1 

105 

March 

145 

412 

28 

2 1 

0 6 

31 

April 

229 

700 

26 

20 

06 

3 

May 

267 

924 

35 

26 

09 

0 

Jane 

52 

224 

43 

2 7 

1 6 

7 

July 

113 

345 

30 

1 9 

1 1 

22 

August 

120 

481 

47 

30 

1 7 

60 

September 

204 

1,261 

6 2 

4 9 

1 3 

19 

Oetober 

70 

386 

55 

4 1 

14 

18 

November 

106 

384 

36 

23 

1 3 

27 

December 

159 

627 

3 9 

2 2 

1 6 

62 

Totals 

7,143 

30,660 

4 3 

1 


1,713 
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PhKjm 1 mjumj vn the Cumbam Valley, South India 


Climate, flea picvalcncc and plague incidenee having been discussed, the 
lolaiionship of tliesc may now be considered by leference to the graphs (Graphs 1, 
2 and 3) 

Tlio most stiikmg feature is the tiough in the wave of plague incidence each 
yeai, most raailced in Apiil and May In 1931 it extended fiom March to July 
inclusive In 1932 the wave commenced to rise again in June In 1933 it 
diopped abi aptly m Maich and the autumn rise m August was comparativolv 
sliglii 

The cheojns index was, in genei.il, lower fiom Maich to August than during the 
lest of the ycai Tlic cheojns index and plague incidence are not so closely 
associated, liowovei, as ajipeai.s at first glance Thus, in 1931 the decline of plague 
111 Fcbiuaiy picecdcd the fall iii thcc/teopts index while in the autumn epidemic 
the plague incidence iiici eased prioi to the increase in fleas In 1932 the order of 
events was the same but to a less marked extent In 1933 the high plague incidence 
111 the sjniiig was not associated with a coiresponding rise in the flea-index figure, 
while the autumn use in i.ho cheojns index was not accompanied by an increased 
incidence of plague The evidence is, tlieicfoie, not cleai that the number of 
human cases of jilague depends diicctlv on the numbei of cheojns fleas, as measured 
by the floa-mdex Consideiing that the death of many rats from plague must 
lelease a coi lespondnig numbei of fleas it is sui prising that the flea-index on the 
suiviving lats does not use to a moie maiked degieo 

Compaiing climatic conditions and plague cases it can be seen that in 1931 the 
end of the epideniK concsjionded veiy closely with the period during which the 
mean tcmpeiatuie and satin ation deficiency reached the lange calculated by 
St John Biooks to be unfavouiable to epidemic plague, namely, over 80°F 
and ovei 0 3 inches icspoctivoly (Plague Heseaich Commission, 1917) In 1932, 
howeiei, ])lague declined to almost inflong before the tempeiatuie and humidity 
had leached the ciitieal limits lii 1933 the saturation deficiency remained 
low but ])lague incidence diopped abiuptly as the mean temperature rose 
above 80°F 

It ap])eais that conditions in the Cumbum Valley iii the spiing months aie 
iiiifai 0111 able foi the sjiioad of jilague It is leasonable to suppose that, when 
tills is so, veiy small, and jieih.ijis stiictl) local, vaiiations in ceitam factors such as 
lat and flea jnevalence may detcimine the appearance of human plague As will 
apjioai latei, plague infection in lats and fleas was often detected when human 
plague was absent 

The cheojns index in the Cumbum is high all the yeai lound Hiist and otheis 
coiisidei that a cheojns index of 1 0 is sufficient foi the spread of plague when other 
conditions aie favouiablc The astta population heie is of little impoitanee, the 
index being low The mijioitant lesult of hot dry wcathei is probabl} the effect 
on plagno-mfected fleas Tlie distinction between ‘ infected ’ and ‘ infective ’ has 
not. been sunuiently einpliaswed Even under the most favourable conditions 
only 111 oec iMonal infected flea becomes capable of infecting Transmission experi- 
ments m Bomba} showed i le iilv that fewer infected fleas became capable of infecting 
in the hot season This probibl} means that more infected fleas become ‘ blocked ’ 
wiicii conditions arc faiour.ible The actual cheojns index is of less importance, 
pioi uled it IS above a ceitain limit, piobabl} about 1 0 



Graph 1 





Graph 2 


temperature, SATURATION DEFlClEWCV X CHEOP'S AND PLAGUE DEATHS 193 2. 

CUM5UNT VAULE.Y 


2 ^q(c — ^Tlie total flea indei. lu March and April 1932 3 1 and 3 0 respectively The cJieopts index vas 

uresumablj about 2 0 








90 Plague InquDy in the Cumhum Valley, South India 


Observations on the longevity op plague-infected pleas 

Commencing in November 1930 attempts were made to collect wandering 
fleas fiom bouses and rat burrows In tbe case of bouses, de-flead guinea-pigs in 
pairs weie allowed to run loose overnight Individual biurows were tested by 
introducing a de-flead rat, tetbeied by a piece of wire about four or five feet long, 
and left m tbe burrow overnight These tests were carried out chiefly in vacated 
houses When possible the test was repeated a week latei, and occasionally on 
several successive weeks 

Altogether 196 tests weie cained out in 130 houses A total of 1,196 fleas was 
recovered from guinea-pigs and 2,018 from tethered rats Tbe fleas obtained were 
tested foi plague infection eithei ciiltuially or by injecting an emulsion of the fleas 
into Madras lats Usually the whole catch from one house or burrow was emulsified 
and a part of the emulsion was injected into two or more rats The animals used 
to trap the fleas were also isolated for observation, aftei being de-flead 

A house or biiirow was legaided as plague-infected when either the animal 
used as a flea trap died of plague or the tests for plague infection of fleas were positive 
A note was kept of the period elapsing between the occuirence of former rat falls 
and the detection of plague infection 

Out of the 196 tests, 41 were positive lor plague infection The fleas were a 
mixture of cheojns and astia these were not tested separately In one case the 
test for plague infection was positive, 13 weeks aftei the occuirence of a rat fall 
On seven occasions there were positive lesults three to five weeks after the rat falls 
The remaining 33 positives were within 20 days of the rat fall 

In many of these cases there was no outw'ard evidence of the presence of plague 
infection A good example of this is the village of Narayanathevanpatty There 
were 45 cases of plague theie in March 1931, the last case being on 28th March 
No further case occurred but on 28th April, one month later, two houses w’ere found 
to be infected by the wandering flea test No human plague was detected until 
26th August No rat falls had been noted in the inter\ al 

On considering these findings the question arose whether these wandering 
fleas were in a condition of starvation or were obtaining at least occasional feeds 
fiom surviving lats or other hosts It, therefore, seemed desirable to obtain some 
more definite evidence regardmg the longevity of starved plague-infected fleas 

On the suggestion of Lieut -Colonel H H King, i M s , a mud house with two 
looms, rendered rat-proof with wire netting, was built m February 1932 Bats 
wcie allow'ed to run loose in the rooms and by the middle of March had made several 
deep burrow's Fleas were then released, 562 m the contiol room and 568 in the 
loom to be infected These w'eie a mixture of clieopis and asUa in more oi less equal 
numbeis Tw enty artificially-infected rats w'ere then released in one of the rooms 
After these lats died off, the infected room was tested by adding six normal rats 
These promptly died of plague The last rat died m the infected room on 10th May 
and ten days later the rats w'ere removed from the control room To detect 
the escape of fleas a number of guinea-pigs was kept in a mud enclosure m front 
of each room None of these died of plague but an occasional flea was recoiered 
from them From 21st Julv, at weekl)’’ intervals two lats is ere added to each 
room, left for 48 hours and then recovered by trapping, and kept for observation 
One of the rats lemoved from the control room on the first occasion died of plague 
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ci"lit clays Intel, tlic infection being confiimcd by animal passage It is supposed 
that the contiol loom became infected bj the passage of fleas through cracks m the 
mud Mall There is, hoivever, an element of doubt about this result No further 
evidence of plague infection ivns obtained 

This experiment ivas repeated at the end of Octobei using both rooms as 
infected Over 500 fleas, a mixture of chcojns and astin caught wild, Mere released 
111 each room Six rats M'ere then added to each room on three successive days (18 
rats 111 all) all infected subcutaneously Mith saliue emulsions of the spleens of highlj 
scpticaimic plague rats 'When all the infected rats had died, three normal rats 
were added to test the infection of the rooms and these died of plague Tests of 
infection of starved fleas were then cairied out with the following results Colour 
marking of the test rats was used to distinguish those added at different times It 
was not always possible to recover every test rat but the date of death could be 
determined bj the use of test baits, and also by means of test boards with a layer 
of fine sand to show up foot prints and tail tracks — 


Room I 

Sth November, 1932 
Last rat died 
37 fleas examined 
28 chcopts 

18th November, 1932 
len da vs starvation 
Test rats added 
Result positive 

24th November, 1932 
Last rat died 

Sth December, 1932 
14 days starvation 
Test rats added 
Result positive 
16 fleas examined 

13 cheopis 

16th December, 1932 
Last rat died 

30th December, 1932 

14 days starvation 
Test rats added 
Result positive 

12th January, 1932 
Last rat died 


Room II 

7th November, 1932 
Last rat died 
35 fleas examined 
24 chtopti 

18th November, 1952 

11 days starvation 
Test rats added 
Result positive 

26th November, 1932 
Last rat died 

Sth December, 1932 

12 days starvation 
Test rats added 
Result positive 

43 fleas examined 
11 cheopis 

13th December, 1932 
Last rat died 

30th December, 1932 
17 days starvation 
Test rats added 
Result positive 

9th January, 1932 
Last rat died 


4th February, 1933 
23 days starvation 
Test rats added 
Result positive 
Two rats survived 
116 fleas examined 
101 cheopis 

24th June, 1933 
One decomposed carcass 


30th January, 1933 
21 days starvation 
Test rats added 
Result doubtful 
18 fleas examined 
1 cheopis 

20th June, 1933 
No rats were recovered 
One guinea pig at entrance 
died of plague 
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Plague infection by fleas after peiiods of starvation of 10, 11, 12, 14, 17, 21, 
and 23 days has, tlierefore, been demonstrated The death of the guinea-pig in 
connection with the second room after a period of several months is not emphasized, 
as it IS not known for certain when the rats died It appears that clteopis fleas 
vveie in the majority in the first room 

These experiments have again been carried out under somewhat diffeient 
conditions A series of five mud huts was built six feet apart These were made 
rat-proof by an inner lining of wiie netting and a rat-proof ledge prevented the 
chance of stray lats climbing up the outside Normal rats were allowed to burrow 
in the huts for a month About 250 fleas caught w-ild in Cumbum, a mixture of 
cheopis and astia were added to each hut On 23rd May, 1933, six ra+-s infected wuth 
the same strain of plague were added to each hut and this was repeated a week later 
The original healthy rats died of plague When the rats were believed to have died, 
as shown by test baits and test boards, the fleas were left to starve and susceptible 
normal lats were added after certain intervals As can be seen from Table V, fleas 
were able to transmit infection after periods of starvation of 6, 14, 22 and 29 days — 


Table V 


Hut — 

3 

5 

6 

4 

7 

Last mtccted rat ahvc 

4-(^33 

6-6-31 

6-6-33 

13-6-33 

16-6-33 

Test rats added 

10-6-33 

20-6-33 

23-6-33 

5-7-33 

15-7-33 

Period of star\ation of fleas, 
daj's 

G 

14 

17 

22 

20 

Test rafs added 

! 

6 

3 

6 

6 

Test lats uifcetcd vith plague 

2 

2 


2 



Of these positive test rats, one in hut 4 and one in hut 5 showed signs of resolving 
plague but ivere negative on animal passage Two rats from hut 7 shoived similar 
lesions but gave positive confirmation In hut 7 one of th^ original normal rats 
caught on 16th dime, 1933, died seven days later with signs of resolving plague, 
again confirmed by the usual tests 

When there were no longer live rats m the huts they were left undisturbed for 
further periods and tested as befoie Huts 4, 6 and 7 were negative after 21, 20 
and 33 day'; respectively In hut 3, tested after ten days starvation of fleas, 
there were tw o deaths from acute plague, while one of the six test rats showed lesions 
of resolvmg plague but infection was not confirmed This same hut after a further 
16 days starvation of fleas again gave a positive result, one of the six test rats 
showing evidence of resolving plague, the infection being confirmed 

. Altogether there w'ere “seven cases of resolving plague, four of w“hich gave 
confirmation of plague infection on animal passage As no such lesions have been 
encountered in IMaduia rats infected cutaneously or subcutaneously with sjilceu 
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Field laboratory, Cumbum village, showing transmission huts 
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cmulbions there is i svijiueMion of rcduttion of xuuleiK e ni the staived fleas Tins 
IS more probihle than that tlie infettin^ <lost from the fleas i\as less than usual 

Vuother lav' of resolMii" plafjue (onfumi'l on pissape w is seen in a Madina 
nt57da\s iftei it had been infei ted with in < niulsion of twof/ipoyiisfleas fiom hnt3 
This was the onl\ positive lesult m lb e\p<nments with fleis fioiii the huts In 
all these cases of resoK um jilapne the nsnlt of e\iniininf» snieais of heart blood and 
spleen was negatiic This was tin lindiint of tin I’l igui Research Coninnssion 
(1907) 

Suscni'Timi rr\ or 7? lattui, to viAGor 

The high snsceptibiliti of JI ideas rats to pi igiie is well known Genei illy 
the rats of an irea aic inoie hiiihh iminnne to plague the moie that aica has snfteied 
from plague A comparison of tin susteptibiht) of Madias, Madura and Cumbiim 
Vallei rats was cairicd out in 1930 with the results shown in Table YI These 
rats were infected cntancousl) or subcut ineoiish and the test dose in the lattei case 
was 0 003 g of the spleen ptiip of a rat recentl}' dead of plague and showing a heavj 
septicasmia Cumbnm Vallei rats appeal to be quite ns susceptible to plague as 
Madras rats The small number of rats from Madma town were also liigbly suscej)- 
tiblc — 


Tabll VI 

,Suscc])(tbibly to jAagve of Mndra% Cmthum ami Madma iats 


KATS 


Mode of i 

infection j 

I AUnnvs j 

I I 

Cl MnvM 1 

Madura 

I 

i 

I 

Number 

Died of ! 
plague 

Number 

Died of 
plngiie 

Number 

Died of 
jiingm. 

Cutaneous 

104 

<17 

234 

228 

14 

14 

Subciitan< ous 

100 

! 

' 

80 

80 

84 

2. ! 

1 

20 


Other animals and their fleas 

In the course of the trapping operations in villages Rathis ratlus was far the 
commonest rodent captured and this species alone has been considered for floa-index 
purposes Bandicoots {Bandicota malabanca) and field lats {Qunomys lol) liave 
occasionally been trapped m habitations Other rodents have been trapped from 
time to tune away from houses and as far as possible these were searched for fleas 
Only a proportion of the total catch was available for flea-coimts because sometimes 
more than one species was caught m the same trap Some interesting information 
was, however obtained The number of lodents handled, othei than rutim, was 
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1,270 and of these 722 were obtained singly and searched for fleas The results are 
shown in Table VII Bandicoots, as has been found in other places, harbour moie 
fleas than )attus and are favoured b}'^ asha rather tlian by cheopis The virtual 
absence of cheopis on the other rodents is very striking The astia index is high on 
gerbils and moderately high on bush rats — 


Table VII 


Olhei lodents and their fleas 


Rodents 

Fleas 

Species 

1 

Total 

Available for 
flea count 

cheopis 

ash a 

Number 

Index 

Number 

Index 

1 

Ounomys kol ' 

281 

177 


0 1 

76 

04 

lihllardia meltada 

238 

136 

3 

! 

00 

168 

1 2 

Oohinda elboh 

80 

75 

3 

00 

237 

1 

32 

Leggada booduaa 

301 

220 


00 

1 ! 

44 

02 

Bandxi'ota sp 

22 

10 

31 


171 

17 1 

Mvs urbanvs 

73 

2 


00 


00 

Funambnlus sp 

25 

25 


00 


00 

Talera sp 

161 

77 

5 

00 

641 

83 


In addition to rodents, thirteen musk rats [Pachyura sp ) were examined and 
eleven of these had no fleas, while the other two yielded ter cheopis Four mongooses 
were free of fleas 

As regards fleas other than those mentioned Clenocephahdes felis var onenfis 
IS common on cattle, sometimes in enormous numbers, espeeially on buffalo calves 
Gt fells var fypica is the usual flea of cats and dog& both of which are numerous 
and flea-ridden One example of a naturally plague-infected flea of this sub-species 
was obtained in a wandering flea test on 10th February, 1933, at a tune when 
theie were rat falls m the house As this species is rarely found on rats despite the 
prevalence of both, it is piobably of no importance in the spread of plague Pnlex 
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(rri/aiis Ins not been foiiiul in tin \ ill(‘\ iltliounli it is known to be (ommon on 
the nciplibouriini lulls One ^]iitnn«n of ('< uvstt, w,is obtained 

from Millardui tiifllndii 


]’l \( UI IN OIIII 1’ 'MM \! s 

E\cr} effort Ins been unde to obtain c\ idenco of intuial plague in wild rodents 
and a coimdorablo nninber of tiapped inimals lias been examined witliout result 
It is notorioush diflicnlt to obt iin carcasses e\en of wUv wlie'i plague is prevalent, 
iiid we In^e Ineii fortunite to obtain a few exampL s of plague infection in 
other rodents These aie tabul ited in Table VIII lluidiroots are occasionally 
found dead from pligue in Mlliges — 

Table VIII 


Nulnrnl plague in wild lodenls 


Tlnto 

1 

Hodont 

'Ipcc les 

1 

1 

Distance from 
habitations 

n-io-si 

Gorliil 

1 

' Talern sp 

1 

800 vards 

2-7-S2 

■Ntolo rnt i 

1 

1 Onnomiti lol 

1 

400 „ 

1 

22-10-32 

Field mou=e 

1 Lc^goila boodnga 

200 „ 

27-10-32 

Field mouse j 

Leggada boodvga 

200 

21-11-33 

1 

Mole rat 

Qunomys lo] 

800 „ 

27-12-33 

Squirrel 

1 

FvnamhnXus cp 

Near 


Small numbers of ‘ other rodents ’ have been infected with plague either eiita- 
neously or subcutaneously from tune to time All these died of acute plague They 
included 3 Gunomys LoL, 10 Millardia meltada, 12 Leggada booduga, 4 Golunda ellioti 
and 9 gerbils [Tatera sp ) 

It has been stated by the villagers that monkeys often die when plague is 
prevalent and that sometimes the monkeys show buboes No carcass has, however, 
been available for examination As monkeys are regarded as sacred animals no 
attempt has been made to handle them In some of the villages, such as Them, 
monkeys venture freely among the habitations Fleas have occasionally been 
found on tame monkeys in the laboratory, but there is a popular belief that wild 
monkeys do not generally harbour fleas 
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An nnexi^ected finding was the susceptibility of chameleons to plague About 
two dozen were inoculated as they became available from time to time and every 
cue died of acute plague as confirmed by the usual tests No fleas were ever found 
on chameleons and no importance is attached to the fact of their susceptibility to 
plague 

In some plague-infected countries wild rodents are of prime importance as 
reservoiis of plague infection Thus plague persists in enzootic form among 
geibils in South Africa, susliks in South-East Europe, tarabagans in Manchuria 
and squirrels in California Generally speaking human plague in these countries 
depends on the transfei of infection fiom these wild rodents to house rodents It 
has been suggested to us that surely field rodents must play a somewhat similar 
nart in Indian plague From the evidence now presented it appears that the 
unimportance of wuld rodents in the Cumbum Valley is explained by the fact tliat 
they generally harbour few fleas a nd do not attract the species most closely concerned 
with plague, Xenopsylla cheopis At the same time they are highly susceptible to 
plague and occasionally die from natuial plague 

Climatic conditions in rat buprow^s 
The study of this important subject was commenced only towaids the end of 
1933 A discussion of suitable methods and some preliminary observations have 
been published by Buxton (1932) He concludes that standard Stevenson scieen 
readings of temperature and humidity are of little interest to the biologist That 
IS no doubt true but we have regretted the lack of observations under <5tandard 
conditions which would allow a comparison of ordinary climatic oondidions with 
those of burrows and with those of other localities 

Using a long distance thermograph a few comparisons have been made of the 
temperature outside and inside rat burrows During December, nine observations 
weie made for periods of 21 houis The shade temperature varied from a 
maximum of 86 5°F to a minimum of 63°F and the daily range was from 
21 0 degrees to 12 5 degrees Meantime the maximum temperature in the biiriows 
was 79 0°F and the minimum 72 0°F while the daily range was from seven degrees 
to one degree only The atmosphere in the burrows was, therefore, affected 
to only a small extent by diurnal variations of outside temperature 

A few comparisons of humidity have also been made The outside humidity 
figure was calculated from the wet and dry bulb thermometer readings The 
humidity in the burrows was measured on samples of air using the miniature dew- 
point apparatus designed by Messrs Casella (Buxton, 1933) The saturation 
deficiency of the air from the burrow's varied from Oil inch to 0 14 inch while that 
of the outside air varied from 0 65 to 0 19 The mean for the month, compiled from 
8am figures only, v.'as 0 13 inch It is hoped to continue these observation'! 
The discrepancies in readings from the various instruments available aie rather 
disconcerting One difficulty is that the indicating scale often covers too wide a 
range so that the divisions are too small to be easily read 

Transport of rats and ft.eas in grain 

The importance of grain traffic in the spread of plague has been emphasized hi 
many authoiities Theie is, however, ver}' little actual evidence of the transport 
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of rats .uhI floas in Imps of m iin From I ho rnmlnini Vallov i daily consignment 
of about 300 bigs of rut* pi'-si"' into Ti.n inttti< foi 1 he ti-a -estate employees An 
occasional bag of guiiu bi in < hoi nn or cIiiIIk s is abo caiin d These are conveyed 
in bullock ( arts .ibout a doren b ig'- pci c u I Foi pioti>ction fiom thieves the carts 
generally jrot-ced in coinovs of a do/en oi inon As the C'uinbum Valley has been 
an endemic centre of plague for some \ eais past it has bet n assumed that this traffic 
must be associated with the ippt ar nice of plagii' n Tiaiaiuore The bullock carts 
reach the frontier at dat bre ik lia\ 1112 bc< n h il(< d on the steep ghat sometimes foi 
hours at a tunc Squirrels and field mice aie Kimwn to visit the caits at the halts 
These might lead to an intcrthangi oftleisoi tin mtioilmtion of plague among the 
wild rodents 

At Kumi^ the <aits are sto])pid to .iw nt nistonis examination Twehe 
guinOa-pigs were allowed to inn loose on i doren bullock laits in senes, the animals 
being moacd fiom cart to cart it hilf-hoer inten ils The guinea-pigs were then 
eirefullv searched for fleas This e\pi rnm nt was lepcated eight times on different 
divs The totil catch of fleas was on female Ct fehs 

As logards rodents the off loading of the gram bags has been watched on 
dorens of occasions and bv different obseraeis but rodents are larely detected 
Altogether three field mice and ont field nt weie distoveied among the bags No 
lions were recovered from them Nnnnrous hehl niici (IjQqqada sp ) have' been seen 
near the carts from time to tune 

Altliougb it IS not denied that plague infection could have been, and 
m all probability was, convoyed to Tranancorc by this route, the evidence so 
far aa could be obtained was negative 


DismrcsTATioN of grains by heat 

The disinfestation of bags of gram by exposure to the tropical sun is now’ 
recognized as an unreliable procedure (Pandit, Menon and Iyer, 1933) These 
authors demonstrated that under such circumstances fleas tend to burrow to the 
cooler parts of the gram Some observations on gram bags at Kumili may be 
mentioned m support of these conclusions A long distance recording thermometer 
was used to ascertain the temperature reached in different parts of bags of rice 
exposed to bright sunlight on a platform consisting of a foot of fine sand The 
results showed that the temperature m the bags did not rise to any great extent 
except near the sacking on the side exposed to the sun An ordinary thermometer, 
exposed to sunlight and breeze, recorded a temperature of over 90°P for several 
hours m the middle of the day, reaching as high as 98°P Over the same period a 
bulb protected from the sun by one layer of gunny and a six inch depth of iice did 
not show a use above 95°F A bulb between the gunny and the rice on the side 
exposed to the sun recorded a temperature of over 120 °F for at least two hours 
and reached as high as 135°F 

On one occasion in Cumbum village a oandicoot w’as found dead of plague in a 
grain store The fleas on the carcass, ten m number, were removed About 700 
bags of gram were removed and’^placed singly on a cement platform exposed to 
bright sunlight throughout t whole day m November 1932 The maximum shade 

J, MR 7 



98 Plague Inqmiy %n (lit Cvmhnm Valley, South India 


temperature til at day was 82°F At uiglit twelve de-flead guinea-pigs were allowed 
to wander loose among tire bags Next day eleven of these were caught and searched 
for fleas Thuty-six cheopis and astia fleas were recovered 

Hot air chambers have been m use at Kumib for about ten years for the disin- 
festation of gram in bags This procedure was introduced to take the place of 
sun-disinfcstation on dull days Observations with the long distance thermometer 
have shown clearly that this method suffers from the same defect as exposure to the 
heat of the sun 

The temperature in the chamber was laised to 160°F m the course of three oi 
four hours, and the chamber was then allowed to cool Duimg this period tlie 
temperature nr the bags four inches under the gunny reached a maximum of only 
90°F Immediately under the gunny it might rise as high as 120°F These obser- 
vations were made several times and repeated with bran, cholam and cotton as well 
as rice Cotton heated up more than the other products, the temperatuie 
reaching 110°F in the centre of the bags All these observations show that heat 
disinfestation cannot be lelied upon to destroy fleas m grain bags The 
temperatuie necessary for the destruction of fleas is 120°F foi 45 minutes 

An experiment in Cyanogas fumigation 

The time-honoured trapping and poison-baiting of rats as anti-plagne measuies 
are open to the serious criticism that the fleas are not destroyed at the same 
tune It might be argued that if these measures are employed during epizootic 
plague they actually release plague-infected fleas and increase the chances of man 
being infected Methods which destroy both rats and fleas would appear to be 
preferable 

Hydrogen cyanide gas is regarded as the fumigant of choice as far as the lethal 
effect on rats and fleas is concerned There are a number of proprietary preparations 
winch are capable of liberating hydrogen cyanide gas when exposed to the air One 
of these is ‘ Cyanogas ’ which is said to contain about 60 per cent of calcium cyanide 
Preliminarv experiments with this substance indicated that it could effectivel} 
destroy rats and fleas in burrows 

Further experiments in Cumbum village appeared to give highly satisfactoi} 
results Epidemic plague occurred yearly from 1926 to 1932 In March 1932 
three gangs of operators were set to work in different parts of the village and aii 
attempt was made to fumigate every rat burrow in every house The optimists 
suggested that human plague in the following season would be completely checked 
It was recognized, however, that an unknown proportion of the rat population live 
in the thatched roofs of the habitations where they would be unaffected by 
Cyanogas As regards the fleas, the burrows are probably more important than the 
loofs The roofs are exposed to the heat of the sun and when hot and dry must be 
less congenial for adult fleas and less suitable for larval development 

Before the end of the year 11,948 burrows in 2,210 houses out of a total of 3,33'J 
houses in the village had been fumigated Some houses had been treated more 
than once on account of complaints of rat infestation or rumours of rat falls At 
first all dead ra+s collected after fumigation were examined for plague infection but 
this was given up as the numbers became excessive and the results had been con'^i'^- 
tently negative AYhile burrows were being inspected prior to fumigation, carcasses 
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have compiled the human plague figures for Cumbum village and a few neighhouinig 
villages in Table IX It appears that although all these villages had suffered severelj^ 
from plague, in the course of tlie seven years, yet in several years one or other of 
the villages had no human plague cases Even Cumbitm village piactically escaped 
in 1928 Cyanogas was not in use then It is impossible to deny that Cumbum 
village might perhaps have escaped in 1932 even if fumigation had not been started 
Further observations are, therefore, required before we can assess the exact value 
of fumigation So far the results are encouraging — 

Table IX 

Plaqice cases in Gumhum and some neighbounng villages, 1926-1933 


Villaoes 



s 

a 

Xi 

S 

a 

O 

Gudalur 

>> 

ci 

Ct4 

S 

Ph 

Hanuinanthampatty 

U 

B 

d 

H 

c3 

C 

c 

O 

e 

d 

? 

d 

s 

d 

5 

P 

d 

§ 

■*3 

d 

§ 

u 

Distance from 
Cumbum, miles — 


4 

B 

2i 

10 

6 

2 

Direction — 


S 

N 

N 

N 

N 

E 

Population — 

18,844 

16,197 

3 560 

3,368 

12,810 

9,357 

5,967 

Plague oases 1*126 

iVil 

Nil 

Nil 

Nil 

320 

29 


„ 1927 

418 

154 

198 

18 

36 

169 

Nil 

„ 1928 

5 

280 

Nil 

1 

42 

81 

144 

„ 1929 

185 

Nil 

1 

Nil 

Nil 

124 

5 

„ 1930 

80 

263 

133 

129 

62 

12 

Nil 

„ 1931 

142 

42 

Nil 

Nil 

51 

101 

SO 

„ 1992 

38 

40S 

73 

140 

55 

54 

41 

1933 

10 

4 

2 

168 

ss 

163 

Nil 


Practical points in Cyanogas fumigation work 

With intelligent supervision of the work there is no danger to human beings 
from Cyanogas fumigation The only symptom observed as a result of the 





















P F. Geoige and W J Webster. 


101 


opeiatious wis, a severe coujunctivitis in one of the menials who accidentally 
intioducccl some of the powder to his eye The operators did not require masks 
One opening of a burrow is selected The nozzle of the Cyanogas pump is 
introduced for about a foot and the opening is then closed by packmg mud round 
the nozzle Pumping is commenced and the escape of the smoke-like powder 
shows the connected burrows These are promptly closed with mud According 
to the c\teut of the burrow system from six to twelve strokes of the pump are 
requned Openings from wliich no smoke appears aie treated as separate 
burrows The person mampuhting the pump should stand on the windward side 
if he is workine: in a breeze 

Burrows opening outside the house must also be discovered and treated 
Burrows often pass from one habitation to another and it may be necessary to warn 
the occupants of neighbouring houses to vacate their premises temporarily and to 
remose children and domestic animals A burrow may open on the top of a mud 
v all in a situation readih’^ overlooked On one occasion 26 rats toppled from such 
a burl on and died, while a buriow at ground level was being fumigated 

Occupants were warned not to re-occupy theu piemises for at least three nights 
after fumigation but an inquiry m 200 houses showed tliat 6 per cent were actually 
slept m the same night and 20 per cent on the second night The risk to life or 
health appears to be negligible Complamts of the smell of decomposing rats were 
usual a few dais after fumigation This could be obviated to some extent by 
repauing the cracks m the mud used for blocking the burrows As regards the 
duration of the lethal effect inside the burrows, experiments on 123 burrows showed 
that the atmosphere in the bmrows might remain lethal to rats for some days 
On one occasion two rats promptly died when introduced mto a burrow which 
had been fumigated twelve days before 

Inquuies have been received regarding the cost of fumigation The price of the 
powder varies from Re 1-4-0 to Re 1-12-0 per pound according to the packing 
One pound of the powder will suffice for the fumigation of about 100 burrows The 
pump costs about Rs 25 A gang consists of an intelligent laboratory attendant 
and two coolies The gangs have been supervised by plague inspectors who of 
course have othei duties such as moculation 


Discussion 

The recrudescence of 'plague 

The usual textbook explanation of the genesis of plague is that the infection 
persists in a chrome form in the Rattus norvegicus population"during the plague-free 
season, and that when the plague season begins the young susceptible norvegicus 
rats contract acute septicaemic plague Fleas spread the infection to B rattus and 
later on to man (Patton and Evans, 1929) This explanation may have had some 
meaning in Bombay where most of the eailv work of the Plague Research Commission 
was carried out, but it is most unfortunate that it should have been considered as 
generally applicable Nothing is further from the truth No mention has been 
made of Rattus noivegicus in the Cumbum Valley This species is not found in 
India except near the large poits 
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Tlie life of a starved flea varies enormouslyjdepending outlie climatic conditions 
Bacot and Martin (Plague Eesearcli Commission, 1914) kept unfed infected fleas 
alive for as long as 50 days at a temperature of 60°F to 60°!' Under Bombay hot 
weatbei conditions, on tlie otlierband, with the laboratory temperature rarely under 
80°F the maximum life of starved infected eheopis and astta fleas was found to be 
only seven days (Webster, 1931) Infected fleas of another species [Ceiatophyllm 
fasciatus) were found by Bacot (Plague Research Commission, 1916) to be capable 
of transmitting after as long as 47 days starvation at a temperature of about 46°P 
He noted the important fact that such a starved flea may not be capable of infecting 
at once when fed but may become so after a further period of as much as 20 days 
In Bombay at room temperature Webster found that starved infected asiia 
fleas might be capable of restarting an epizootic m Madras rats after periods 
up to seven days (Anderson, 1932) Hirst (1931) states, ‘ The data in respect of 
the maximum longevity of starved infected A cheopis under tropical conditions 
are inadequate, but it is safe to say that the female may survive up to one 
week In the hills the duration of infectivity would be very much longer ’ 

In the series of experiments now reported, plague-infected fleas, a mixture of 
cheopts and astia species, have been starved under reasonably natural conditions 
They have been found capable of transmittmg infection after periods of starvation 
up to 29 days when the mean room temperature was about 79°P This study was 
begun because Lieut -Colonel King had suggested that persistence of infection in 
the flea was the mam agent in the ‘ carry over 

Whether such periods of starvation arc usual in nature is unlcnown li seems 
moie probable that wild infected fleas obtam at least an occasional meal, in vhich 
case the length of life would presumably be longei and the occasional host would 
sometimes become infected The wandeiing flea test has given a surprising numbei 
of positive results and it is clear that if the necessity arose, i e , if lodent hosts were 
leally absent, starved fleas might continue capable of infecting for some weeks 
There is httle doubt that in the Cumbum Valley epizootic plague is smouldering all 
the yeai round Numerous examples have been met with of carcasses of rodents 
recently dead of plague at times when no human plague was evident In fact it is 
rare for more than a month to pass wnthout cases of human plague 

The facts are entirely in accordance with the findings of the Plague Research 
Commission For example, they clearly recogmzed that plague in scattered villages 
IS more likely to be carried over in large villages, while in small villages infection 
might die out and lemam absent for many months until re-introduced from without 
(Plague Research Commission, 1910) This explains why all the villages do not 
suffei equally from year to yeai (see Table IX) 

An interesting example was found of a village which claimed to be immuup to 
iflague There was no obvious reason why it should be immune and eventually 
patience Avas rewarded by the discovery of a plague-infected rodent carcass in that 
villa<Te This activity on the part of the field workers loused the ire of the inhabi- 
tcintr, but inquiry showed that they had regularly concealed rat falls and had 
successfully reported some human plague deaths under othei diagnoses 

The inquuy in the Cumbum Valley was on a veiy small scale indeed when 
compared with the epidemiological studies of the Plague Reseaich Commission 
This^ seems, hovcvu, a huitable opportunity to review certain of i heir findings 
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The que'>tioii of B norvcgxcus li is akendy kcon discussed Tlie lepoits of the early 
woik of the Commissiou ire somewhat misleading uow unless they are read in the 
light of then later obsci vrtions Firstly, the rron-pectrnate rat fleas of Indra were 
lichcved to bo all of one species At e now know that there are three species differing 
in disti ibution and impoitnncc This does not greatly concern us here Xenopsylla 
chcopis IS the important flea in the Cumbum Vallc) X astia can play only a minor 
part md X brasihcnsib is absent Socondly, the mechanism of infection involvmg 
Bacot’s blocking phciionicnon w as not understood Emphasis was, therefore, laid 
on the total number of rat flers Ccitaiirly there were often more fleas when plague 
w IS prevalent but it w ould be quite logical to explain that there are more fleas 
per rat because the fleas arc concentrated on the surviving rats Wo now know 
that it IS not the total number of fleas, it is not even the number of infected fleas, it 
IS the number of infective fleas that is of piime importance This depends on 
climatic conditions Given the presence of plague in rats and a clieopis index of 
at least one, there will be more infective fleas and, therefore, more plague within a 
cc'tain range of climatic conditions 

Summary 

A field study of plague in an endemic focus in South India is reported 
Climate, social conditions, rat susceptibihty and specific flea population are all 
favourable to the spread of plague For a fei» months in the spring the climatic 
conditions are unfavourable or bordeihne At any other tune of the year plague 
might reach epidemic proportions The gap between epidemics may be bridged 
partly by starved intected fleas which nave been shown to be capable of 
transmitting infection after at least 29 days starvation in rat burrows Kodents 
recently dead from plague have frequently been found when there were no cases of 
human plague, and there is considerable evidence that acute septiceemic plague 
occurs continuously m the lat population At the same time even human cases of 
plague occur in most months of the year 

The findings are in accord with those of the Plague Research Commission 
AVith regard to the Commission’s reports emphasis is laid firstly on the fact 
that Rating norvegicus is not found in the plains of India but only near the 
poits, and secondly on the necessity of distinguishing infective fleas from merely 
infected fleas 

Notes are added regarding plague in field rodents, climate in rat burrows, 
heat disinfestation of gram and Cyanogas fumigation as a plague preventive 
measure 

Permanently to abolish plague infection from the Cumbum Valley by human 
endeavour can scarcely be regarded as a practicable proposition There will, 
however, be less human plague the more the people learn to discourage rats from 
sliaiing then habitations Anything which deprives rats ot food and shelter is an 
anti-plague measure In the absence of rats, fleas may continue, capable of infecting 
for I month or more 

Undei existing conditions Cyanogas fumigation is a promising measure The 
degree of success following its use will depend on the promptitude with which 
lat falls are reported 
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I Introduction 

In 1926, m a paper read before the Royal Society of Tropical Medicine and 
Hygiene, we published the results of our observations on the sexology of relapsing 
fever in Madras (Cunningham, 1926) The results we had obtained up to that time 
led us to beheve that the spiiochaete m the relapse diffeied serologically from the 
spirochsete present m the first attack aud that these two stiams of spirochsete 
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alternated with each other according as the one or the other initiated the primary 
attack in different animals At the same time we noted the fact that, while 
two types of spnochsete sufficed to explain the probable meclianism where the 
disease was limited to two attaeks only (a first attack and one relapse) it was 
not sufficient to account foi__the occimence of moie than one relapse in the same 
animal Oiu immunization and protection expeiiments, and especially the results 
of oui exammation of human sera, suggested the possible existence of one oi 
more additional types of spirochaste and we considered that the causation of a 
second and subsequent i elapses in the same animal (a rare occunence in the 
Indian type of the disease) called foi further investigation 

On oui retmn to India we had the opportumty, between 1925 and 1929, of 
carrying out furthei work on this subject which resulted in the discoveiy and isola- 
tion of seven additional antigemc principles, bringing the total number of types 
isolated from the original Madras stram to nine These results were exhibited at a 
meeting of the British Medical Association in Edinburgh in 1927 and, later in the 
year, at the 7th Congress of the Far Eastern Association of Tropical Medicine held 
in Calcutta (Cunningham, 1927a) Pressure of other work has, howevei, prevented 
our publislung the details of this investigation tn extenso and, as we consider that 
such a course may be of value to other workers in the same field, we are now taking 
the opportumty of doing so 

In the meantime much w ork on the relationship of various stiams of the relap- 
sing fever spirocluete and the spirochaetes found in the different febrile attacks has 
been published by othei authors Brussin (1926, 1926) and Bmssm and Eogowa 
(1927) showed by means of the thiombocytobarm reaction that the ‘ first attack ’ 
and ‘ first relapse ’ spirochastes m infections of Sp duitom veie seiologicaUy distinct 
but that the spuoch^tes in subsequent lelapses, although they differed from those 
of the original attack, did not produce specific anti-bodies 

Jakunow (1928, 1929), on the other hand, found, also by means of the adliesion 
test, that the relapse type of a Berlni strain of Sp reew^enUs differed from the ‘first 
attack ’ tjqie m about fifty per cent of cases only Further, that the relapse strain 
gradually leverted to the original type In the couise of his experiments, however, 
he identified a third type of spirochsete 

B}’’ means of inoculation expeiunents Goii (1928) showed that the spiiochaetes 
ill the fiist and each suljbequent relapse in Sp dutiom infections differed from each 
other He explained his results by assuming that the spnochintes acquire new 
immunological piopeities after each relapse 

Aiistowsky and 'Wainstein (1929, 1929fl) and Wainstein (1929) immunized 
human beings vith killed ‘ first attack ’ and relapse ’ spiiochsetes respectively 
and found that protection was affoided against infections with the homologous 
but not the heteiologous strains " Similar results were obtained with cultures 
It was furthei shown that the various stiains pieserved their immunological 
identity on cultuie 

Using our technique but uith splenectomized squniels, Meleney (1928) pioduced 
su: different relapse strauis fiom a single human strain of Sji recuuenhs in North 
China These strains ictained then specificity during the period of experimentation 

* TliebO lesiilts comcirle with tho^e we obtained with epnoi/hselal ^atunes made fioiii ‘ firfet aftncK ’ 
and ‘ relapse ’ strains in monkeys and squirrels (Cunningham, 1026) 
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Certiiu iclationsbips winch were found to i\ist between strains corresponded 
in principle nith our previous findings Meloncy holds, hov^ever, that there is 
a broadening /one of si rain lelatioiibhips which finally causes overlapping in the 
bcrological reactions of the later deseciidmfs of (lie original strain 

llubscU (1931) also noted altiination of typis in llu louse-borne relapsing fever 
of the Gold Coast and found a thiid stiologieil trpe m certain relapses It also 
appeared fioin tests whicli she carried out with oui Madras sera that hei original 
atticlv strain (‘ A’) w is rclitod to oiu relapse sliaiii ( B ’) In a later publication 
(1933) this author states that she has isolated a foruth tj^c and concludes therefrom 
that icl ipsing fever spirochffitcs have tlie powci of unlimited serological variation 

That profound changes can also tike place in spnocluetes as the result of passage 
through the brains of infected mice has been showm by Sofieff (1930) and Sagel 
(1930) Strains w'hich were serologically distinct became imdistinguishable from 
each other after passage and recovery fiom the brain 

Rubinstein and Kapusto (1931), by inoculation of mixed mfections of Sp teew- 
renlis, dultoni and marocana, produced a new' but evanescent race of spirochsetes 
which differed in antigenic properties from the three original strains as tested by the 
adhesion phenomenon After six passages, howcvci, the strain disappeared and 
was replaced by the original strain 

In contrast w'lth the \ lews quoted above Gray (1929) was unable to demonstrate 
the presence of anti-bodies citiier in the human being oi in the experimental animal 
after infection with a laboratory strain of Sp dnliom , nor were the spirochsetes of 
the various attacks distinguishable by immunity reactions These findings receive 
support from the observations of Plant and Grabow (1930) who believe that there 
is little evidence that the termination of each attack is dependent on the production 
of anti-bodies They state that tin scrum has no protective value until after the 
earlier relapses (up to four) and that a protective action is only then graduallj 
acquired They claim, theieforc, that the disappearance of spirochsetes at the end 
of each febrile attach’ is still unexplained On the other hand it is held by manj' 
authorities (see Handle, 1931) that the lysis of the spirochsete is a most important 
factor in the termination of the attack and this view receives recent support from 
Kritschewski and Singuschina (1931) 

It is ob\ rolls that there i« still considerable diversity of opinion on questions 
bearing on the mechanism of relapses and immunity m relapsing fever 

Much of this want of agreement is, in oui opinion, due to variations in the 
conditions of experiment In the first place many researches have been carried 
out with old laboratory strains whose origin and previous history with regard to 
relapses is quite unknown but whose very survival under laboratory conditions 
labels them, whatever their present name as belonging to the more resistant tick- 
borne, rather than the louse-borne varieties which require such frequent passage 
and are so easily lost In the second place, the tick-borne variety with its evanescent 
attacks and relatively feeble blood infection does not lend itself so readily to direct 
tests for the presence of anti-body as does the more pronounced uifection of tin 
louse-borne strain In fact, it might almost be said that the particular method of 
cxpeiiment depends greatly upon tlie particular varict-^ of spirochaetc being used foi 
the tests , at least w'e found this to be the case when w e attempted without success 
to use OUI techmqne W'lth certain strains of Sp dultoni with whicli w'c had Lindlj 
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beeu supplied m this countiy The literature shows, we think, that those who have 
worked with undoubted louse-borne strains are in general agreement regarding the 
influence of anti-bodies upon the course of the disease and the foimation of serological 
types, whereas opinion is much more at variance amongst those who have dealt 
with strains of /Sji duttom There is, however, even in the former case, some 
diversity of opinion as to the stability of the types appe.iring in relapses, and the 
whole question calls for further investigation with a view to reconciling, if possible, 
the various shades of opmion expressed on the subject 

11 Types of spirochjlte foukd in experimentai infections 

Oui pievious investigation concerned the isolation of two types, the one found 
in the first attack, the othei in tlie lelapsc, this being the usual form of infection 
presented by the louse-borne Indian vaiiety of the disease The present investiga- 
tion deals foi the most part with the chaiacteristics of the additional tjqies 
found in tlie occasional second lelapses (tliiid attacks) winch occur in experimental 
animals and the modifications in oui views necessitated by their discovery 

At the outset, howevei, it is neccssaiy to define ivhat we consider a relapse for 
the piiiposes of this research The transitory appearance of spnocheetes durmg the 
first interval has been refeiied to by ceitaiu observers as a phenomenon distinct 
from a true relapse This observation must have reference to the disease in the 
human subject where additional evidence of the relapse is present in the form of a 
use of temperature accompanied by a definite clinical picture In the experimental 
animal, however, no such lelationsliip exists, so that the presence of spirochsetes in 
the peripheral circulation remains the only criterion of a relapse For the purposes 
of the present investigation, therefore, we have taken the reappearance of spno- 
chastes in the blood following a negative finding as the equivalent of a relapse, 
without reference to the numbers found or the length of time they are present 
m the blood 

Under these conditions a second relapse (i e , third attack in the same animal) 
was only detected on thnty-three occasions during the whole of the present investi- 
gation (i e , about 4 per cent) * This was the case in spite of the fact that a verj- 
large number of infected anmials were constant!} under observation for the 
occurrence of relapses It must be remembered, however, that many of these did 
not live long enough to exclude the possibility of a second relapse occurring had 
they survived It is possible, therefore, that the phenomenon may be more 
frequent than our figures indicate Under the most favourable crrcumstances, 
however, a third attack in the same animal must be verv rare Only one case 
w’-as noted in a monkey The remainder occurred m squirrels 

1 Technique 

(a) Strains of sjuiochcete in use — The strains of spirochaite used m the experi- 
ments wei e derived fi om human cases suffei ing from Sp carleri infections in diffei ent 

* In two senes of animals infected -nith strains derived from separate sources (Madras and the 
Punjab) the second relapses numbered 21 (5 9 pci cent) m the first senes of 353 animals and 4 (3 5 per 
cent) in the second, of 114 All these animals m ere examined long enough to mate a definite jironouncc 
ment on this question possible, i e , a mimmiim of 16 daily exammations after the end of the first relapse, 
the longest second intcnal ohsened in positne cases being 12 dajt 
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p uts of India Tlic Madiab sti.mi, icfciicd to in oni last papei, was the one chiefly 
used in tlic present senes bid tliiee otlici stiaiiis obtained from spoiadic cases of the 
disease in the Punjab (two from Multan, labelled Pi’ and ‘ P 2 ’ respectively, and 
one from Hazio) were also studied 

The strains and the various types of spirochsete derived fiom them were kept 
alive by repeated passage in squuicls {Semms palmans) Monkeys were also 
used but were reserved for special purposes rather than the routine upkeep of 
strains 

Nicolle and Anderson (1928) advise against the use of wild animals for the 
maintenance of strains A^^llle agreemg fully with tbeir views as to the great 
care necessary to ivoid fallacies and mixture of strains we consider that the use of 
wild animals is unavoidable in the type of investigation undertaken by us, for no 
laboratory could otherwise maintain the suppl}'^ of animals required for any length 
of time In fact we would go further and say that much of the confusion that at 
present exists on this question is probably due to the restrictions placed on the 
sub-passage of strains due to an insufiiciency of laboratory animals available for the 
purpose 

Our squirrels were at times infected with two other blood parasites, a trypano- 
some, probably T leivisi , m Madras, and Sp minus Contrary to the view expressed 
by certain authors (Kawamura, 1931 , Velu, Balozet and Zottner, 1931) we did not 
observe that the presence of these parasites had any effect, provocative or otherwise, 
on the course of the relapsing fever infections 

(6) Methods — The greatest care was taken to prevent mixture of strains by 
direct infection from animal to animal Each infected squurel was caged separately 
and, as an additional precaution, was marked on inoculation with a distinctive 
colour for each type of spirochsete so as to avoid any possibility of error through 
mistakes m labelling Our method of handling and obtaining blood from our 
animals has already been described to a great extent (Cunningham, 1927) Intra- 
cardiac puncture, which was originally used in Madras, was discontinued in favour 
of bleeding from the internal saphenous vein This method was found equally 
efficacious if ordinary paraffin od was applied to the skin before puncture to avoid 
clotting, and had the additional advantage that fatalities were much reduced Sub- 
passages were carried out by intraperitoneal, or, in some cases, subcutaneous 
inoculation 

The terminology employed in our previous paper, while presenting certain 
advantages, was undoubtedly complicated and has apparently given rise to some 
difficulty in understanding our conclusions 

In order to prevent any misunderstandmg m the present investigation the 
different spirochsetal types have been designated by simple letters and bttle or no 
attempt has been made to place them accordmg to the number of relapses they have 
passed through since they arose from the original strain Thus, the origmal ‘ first 
attack ’ spirochBBtes of the Madras strain have been called ‘ A ’ and the ‘ relapse ’ 
spirochsetes ‘ B ’ All spuochsetes from whatever source which gave the same 
serological reactions as ‘ A ’ spuocluetes were known as ‘ A ’ , similarly, all spiro- 
chsetes giving the reactions of ‘ B ’ spuochsetes were called ‘B ’, and so on Careful 
pedigrees of each strain have been kept from the time of isolation so that the number 
of passages and the relationships of the various types to each other could be 
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<)scei tallied at any rnoment Seia foi test piiipobcb were, as a rule, oblaiiicd by 
moculating monkeys witli the appropiiate types as it w.is found tliat, with 
spuocliaetes which had become acclimatised to sqimrcls, the attacks in the monkey 
were Innited to two or thiee days only, and, as uill be seen later, a more specific 
serum was thus obtained 

Spiioclisetocidal and agglutinating substances ueie, as before, used as a measure 
of the anti-body content of the blood Our technique foi then detection has already 
been described New types of spirochaete were found by testing the organisms 
causing various relapses with specific sera derived from all the tjpes of spirochaete 
previously isolated inien no reaction was obtained with any of the type sera, the 
known types of spirochaete were in then turn tested with a first interval ’ serum 
derived from the organism under investigation If no serological relationships v ere 
discovered, the new tvpc Avas labelled rvitli a distinctive letter and maintained b) 
separate sub-passage, the test serum prepared from it being added to thosi' alread} 
in existence 

In this way a gradually increasing number of type spirochsetes and sera came 
into existence as the investigation proceeded These were used as a routine m all 
tests carried out to prove specificity Each tjqie spirochaete was preserved by 
sub-passage into a fiesh animal every forty-eight hours, the purity and stability of 
the AMiious strains being proved by repeateci tests U’th the tjqie serum obtained 
when the organism was first isolated 

In certain cases which relapsed for the second time the organism responsible 
for the first relapse was not identified at the tmie This difficulty was overcome bj 
the routine exammation of the serum taken at the onset of the second relapse tne 
agglutinins present at that time indicated the organisms responsible for the previous 
attacks 


2 Types of spiiochceie isolated 

By these means seven new serological types of spirochaete, in addition to the 
two primary types already mentioned (types ‘ A ’ and ‘ B ’), were ultimately 
separated out These typesf became known by the letters ‘ C ’, ‘ D \ ‘ E ’, ‘ F ’ 

‘ G ’, ‘ H ’ and ‘ I ’ Five of these {‘ D ’, ‘ E ’, ‘ F ’, ‘ G ’ and ‘ H ’) were obtained 
piimaiily from second relapses { The last one ( ' I ’ ) was found in a first relapse but 
has been included here for the sake of convenience 

Each type was apparently a distinct antigenic entity, for, in its pure state, it 
produced a specific anti-body which showed no reaction with any of the othei type'; 


* For the benefit of those who have not seen our previous paper the lollovtwg summaiy of oiir 
technique is given the presence of spirocliietes in the blood was detected bj means of the dart ground 
illumination Agglutination tests were earned out by miMng equal quantities of lanons dilution' 
of the serum under test with blood containing spirocluEtes and examining at once under the darh ground 
for the presence of clumps or spiroch-ntocidal substances The highest dilution in uhicli nnj reaction 
was detected was taken as a measure of the amount of anti-body present Spirochvtcs vere tj’pcd 
or the anti body content of serum to any particular tjpe of spirochaite uas ascertained in this nay 
t It has been found convement to refer to the tu o types ‘ A ’ and ‘ B ’ as ‘ pnmnr3 ’ types Those 
isolated later have been similarly called ‘ secondary ’ types 

t Type ‘ C ’ was first obtamed in a special senes of expenments to ho desenbed later but nho 
appeared m second relapses m common with the other types of spu-ochate 
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aud was itself untoiiclied hy my of then specific sei.i Cliait 1 gives examples of tlie 
infections in wliicli these spirochictes appealed and also the seiological tests earned 
out m each case to piove then ideutit} It will be noted that in the first seven cases 
(Squinels Nos 307 to 7056) the results are clear cut The lem under are examples 
of attacks in which more than one type of spirochietc was detected further 
reference to these will be made latei 

The anti-body present in the serum of the infected animal at the onset of the 
second relapse is shown m the last column The evidence obtained from these 
tests as to the types of organism causing the preceding attacks coiroborates those 
carried out on the spiiochretes present during the actiral attacks It is to be noted, 
however, that the i dative titrc of the agglutinins does not always correspond with 
the sequence of the attacks thus, m the first five examples given (Squirrels Nos 
307 to 850) the titrc of the agglutinins to the organism causing the first relapse is 
much higher than that produced as the lesnlt of the preceding first attack, whereas 
certain of the other examples given show the reveise effect (Squirrels Nos 4637 and 
1733) A study of complete agglutinin curves shows that high titres are of com- 
paratively short duration the anti-body content of the blood rises very rapidly 
after an attack but soon drops to a lower level (see Chart 6) 

The different types of spirochsete aie for the most part merely serological 
entities No differences m morphology or behaviour were seen as far as observation 
with the dark-ground iliumiiiation was concerned Actual measurements were not 
made but there was ng evidence to suggest that this method of investigation would 
detect any distinctions between the types 

Types ‘ H ’ and ‘ I ’ were exceptions to the general rules While resemblmg the 
other types morphologically they produced a peculiar form of attack which in many 
cases was unduly prolonged and failed to show the usual picture of an infection 
rapidly mcreasing m mtensity and termmating by crisis A truer conception of 
the peculiar features of these two types, however, will be obtained if the serological 
tests carried out with them are reviewed at the same time Their further considera- 
tion IS, therefore, deferred to a later section 

IVhile all the types isolated represented different antigemc principles certain of 
them proved to be more defimte and tangible than the others Types ‘ A ‘ B V H ’ 
and ‘ E ’ fall under the former category Bach of these types was originally isolated 
in the pure state and, as will be seen later, retamed its distinctive characters almost 
mdefimtely 

The serological characteristics of the remammg strains, while qmte defimte 
when the stram was pure, were not so clear cut and were more liable to change 
The ‘ F ’ antigen, m particular, exhibited these tendencies MTien first isolated 
from a relapse it was undoubtedly piue but on sub-passage other elements appeared 
and the type soon disappeared It showed close afifinities to the ‘ B ’ type, which 
usually supplanted it, but it was also found m con 3 unctioii with the ‘ 6 tj'pe As 
the ‘ F ’ type was so unstable comparatively few tests could be carried out with it 
Specific ‘ F ’ sera were, however, m constant use for identification purposes 

The ‘ G ’ type also exhibited certain peculiarities MTien first isolated its 
antigen appeared to be msoliibly bound to the ‘ A ’ type with the result that a 
triangular reaction was obtained when cross-agglutination tests were performed 
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witJi tift two types the ' A ’ type spnochaste leactiiig witli both seja, tJie ‘ G ’ type 
with its own seiiim oiilv, tlius — 



Sfbum 

Spiroeh et-c 



tvpe 

‘A’ 

1 

' ‘ 0 L 

‘A’ 

+ 

1 

‘G’ 
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After some time the ‘ G ’ antigen was separated out by means of an anti-‘ A ’ 
serum which inhibited the growth of the ‘ A ’ elements Once this had been done 
the ‘ G ’ type became a definite and distinc<' antigenic principle similai in every way 
to the other types * 

The different 'spirochaBtal types were all capable of initiating an infection in 
experimental animals These infections followed the usual course (with the excep- 
tion of the ‘ H ’ and ‘ I ’ types) which on occasion included a relapse always caused 
by a different type of spirochsete 

The majority of the tests carried out in the course of the investigation did not 
include the tj^es ‘ F ‘ H ’ and ‘ I ’ The first of these types was rarely found and 
maintained a separate existence for a short time only The two latter types were 
isolated after the greater number of the tests had been completed 

III Serological relationships of spirochetal types 

Our earlier work envisaged a simple mechanism of attack and defence where 
the first attack was caused by one type of spirochsete and the relapse by the other 
each attack being followed by a rise in the anti-body content of the blood 

As other types of spirochete came to light and the tests were extended to include 
these also, it was gradually found that the blood often contained anti-body to other 
types which had not, so far as was known, taken an} part in the attack or the relapse 
This point is well illustrated in Table I which shows the results of an examination 
of the blood of a senes of squirrels carried out some time after all signs of the/ infec- 
tion had disappeared (i e , periods between 55 and 163 days after the date of infec- 
tion) None of these squiriels has suffered from more than one relapse and in many 
theie has been only one appearance of spirocheetes in the blood Nevertheless, 
agglutinins of from one to five different types were found in the serum, the majority 
of cases showing that at least three types of spirochsete vere imphcated in the 
completed infection It is of special interest to note, too, that in two out of three 
instances where no visible infection was noted (Nos 9245 E , 8694 E , 8661 G ) 
agglutimns to the infecting argdnism were present in the serum These findings 
showed that the attack and defence mechanism was undoubtedly more intricate 
than was at first supposed and required furthei study 

♦ The original three cornered reaction obtained vith this t^pe appeal’s to be similar to that 
obtained b\ '\Ieleney (1928) inth Ins strains Va and Yb nliich bore a similar relationship to his strains 
n and m 
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Eor thi*^ 'purpose the course of a senes of infections niitiated in sqmriels and- 
monkeys by the diflercnt types of spirochaete was followed in detail 

The presence of spirocluetcs m the peiipheial blood w\is noted daily , the type 
of spuochrotc responsible for the relapse was also ascertained w'herever possible, 
and a complete examination of the scrum agglutinins was carried out at suitable 
intervals so that the agglutinin curve to each could be mapped out in detail The 
results of this stiidv have been embodied in a senes of charts (Charts 2 to 9) which 
have been arianged to show the sequence of events m cases suffering from (a) a single 
attack, and (h) a primary attack followed by a relapse — 

(«) Appearances seen following single atlacls— A study of a large number of 
agglutination ciiivcs following a single appearance of spirochsetes in the blood shows 
that these assume one of four forms The first of these (Chart 2) shows a simple 
response to the tyqie of spirochaete causing the infection the agglutination curve 
begins to rise towards the end of the attack, especially if clumping of the spirochsetes 
has occurred or, if nol, immediately after then disappearance Agglutinins to the 
other types of spirochaete are absent , 

The second form (Chart 3) shows the primary use initiated by the infecting 
spirochaete, m this case type ‘ E ’ There is in addition, however, a secondary rise 
to another type which follows the first and which in this case (Type ‘ A ’) begins 
sometime after the tenth day i e , the fourth day after the end of the first attack, so 
that by the nineteenth day the titre has risen to a 1 iii 320 dilution Agglutinins to a 
third ty'pe may appear at a later period (see Chart 5a) so that this chart has the general 
appearance of two oi more curves rising successively, the summit of each being low’er 
than the one preceding it 

In the third form (Charts 4 and 4a) the usual primary curve to ^he infecting 
organism predominates but one or more secondary curves to other types make 
their appearance at the same time Chart 4a shows a case with no less than four 
of those subsidiary rises, the titres m each case gradually decreasing in intensity 
The fourth form of curve (Charts 5 and 5a) amounts to a combination of the 
two preceding forms, where simultaneous rises to two types are associated with 
successive rises to other types Chart 5 shows an associated rise to types ‘ A ’ and 
‘ G ’ followed by a subsidiary rise to type ‘ C ’ In Chart 5a the primary curve to 
type ‘ A ’ IS followed by two curves to ‘ B ’ and ‘ C ’, rising together and followed 
in turn by a third curve to type ‘ E ’ 

Special attention is drawn to the fact that the various appearances noted above 
are the outcome of a single attack and that in each case the infecting spirochaete, 
when tested before or m tile earlier part of the attack, contained only one antigenic 
element as far as could be ascertained by the seiological tests employed 

(6) Appeal ances seen where there is a pi imaiy aitacK and one relapse — If attention 
IS concentrated for the present on the reactions which follow the relapse, it can be 
said that they take the same form as those already described as following the pnman 
attack Chart 6 shows the formation of a single anti-body to the spirochaete res- 
ponsible for the relapse (Type ‘ A ’) Chart 7 shows a relapse giv ing rise to two 
curves following each other m succession (Tyqpes ‘ A ’ and ‘ E ’) The third form of 
Cline IS seen in Chart 8 where agglutinins to the spirochaete found in the relapse 
(Tyqie ' C ’) and two other subsidiary tyqies (Types ‘ E ’ and ‘ D ’) have appiared 
simultaneously 

J J Mr 
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In eacli of tlio above examples tlie agglutinins pioduced by the primaiy attack 
are of course present in addition and these may also conform to any of the forms of 
curve described so that it is possible to get combinations of any of the three forms 
as the result of the two attacks Chart 9 illustrates this point very well In it the 
second form of curve follows the primary attack the third form, the relapse , 
the final result being the presence of agglutinins to four different types of 
spirochsete 

If the hypothesis is accepted that each spirochastal t}^e oi antigen produces its 
own agglutinin and that the presence of agglutinin is evidence that the tjqie of 
spirochsete in question has actually invaded the body then it vould appear that the 
disease in its characteiistic form consists, not merely of one or two obvious attacks, 
but of a senes of waves of infection of varying intensity caused by different types of 
spirochaete 

In a certain proportion of cases the infection is a simple one confined to one 
type of spirocheete alone but more commonly the initial attack is followed by others 
which may or may not become evident as relapses according to the intensity and 
duration of the infection The course of events in many cases which exhibit a 
‘ single ’ attack is thus very similar to those which show relapses, the difference being 
only one of degree, in that the attacks are latent in the one case and demonstrable 
by direct blood examination in the other 

If titre of agglutination can be taken as a measure of the intensity of infection 
it would appear that the spirochsetal invasions usually dimimsh in intensity as the 
disease advances the possibilities foi variation becoming progressively less, until 
finally the infection dies out compif'tely 

s 

IV Origin or types and time when changes oi t\pe iake place 

This question was left open in our previous paper but one of two alternatives 
was suggested, (a) that the types of spirochaete causiug both the primaiy attack and 
the relapse were present from the moment of infection, the one developing more 
slowly than the other so as to produce the relapse, or (b) that the disease was due 
to a single strain which bad the power of undergoing a complete serological ‘ varia- 
tion ’ undei the influence of anti-body formation 

Certain experiments, originally devised to test the correctness of these hypo- 
theses, have a definite bearing on this question and may, theiefore, be convenient!} 
considered here 

It was argued that if the types of spirocha9te lesponsible for the primary attack 
and relapse weie piesent at the time of infection, albeit m vastly different piopor- 
tious, it should be possible by careful immunization with one type follow^ed b} 
infection with the other, to produce a penuanently pure strain which would show no 
relapses either iii the immunized ammal or in sub-passages made from it, or, con- 
versely, by immunization followed by infection with the same type to suppress the 
first attack and permit the development of the relapse Botli of these liypotheses 
were tested expeiimentally 

ExpeniuM I Immunization with one type of spuochaete follow ed by infection 
with the other ■ — 

The expeiiD^t w^as earned out m three stages, (a) Immunization, (b) Infec- 
tion, and (c) Sub-passage {see Table II) 



/ Ciinni)ujli(n)) J H Theodoie and A G L Fniset 


115 


((f) Lninioiizalion — Botli active aiid passive immunization weie utilized 
Foi tile former, spiiocluetal v lecmes were made, from both the ' A ’ and ' B ’ types 
of spirocliaite used foi the experiment, by the same methods as those used in former 
immunization experiments c''riied out by us One of the vaccines (say type ‘ A ’) 
was given in appropriate doses to each member of a batch of squirrels ami 
the aggliitimtion titre of then sera tested to discover the degree of immunity 
obtained 

(6) infechon — ^AVhen tlie immumt)’^ was considered satisfactory an mfecting 
dose of the other type of spirochaite (in this case tyqie ‘ B ’) was given For the first 
thiee days of the infection each squirrel was also given a daily dose of a high titre 
serum made from the same spirochaetal ty’pe as that used for the vaccine (in this 
case the ‘ A ’ tyqie) so as to ensure, as far as possible, the development of a pure ‘B ’ 
type spirochsete by the destruction of all the ‘ A ’ elements 

(c) Sxih-pas’iaqe — After the thud day of infection the spirochaete was sub- 
passaged into a series of fresh squirrels so as to remove it from the influence of all 
anti-body and permit of its development under normal conditions Similar numbers 
of unprotected squirrels were infected and sub-passaged at the same time to serve 
as controls The titre of the sqiurrel’s sera and the purity of the spirochsetes used 
for infection were tested at suitable intervals throughout the experiment 

Two separate senes of squirrels were dealt with, the one immunized against the 
‘ A ’ type and infected with the ‘ B ’ type the other immunized with the ‘ B ’ type 
and infected with the ‘ A ’ type The results of the experiment are given in the 
table (Table II) 

In the control series and sub-passages originating from them, seven and five 
animals respectively died ‘ early ’ (i e , before a relapse had time to develop) In 
the animals which survived for a sufficiently long time the proportion of squirrels 
showing relapses was practically the same in each series 8 animals out of 11 (3 
ammals did not relapse) and 9 animals out of 13 (4 animals did not relapse) In the 
immunized senes, on the other hand, the deterrent effect of immunization on the 
occurrence of relapses was quite definite The more frequent manipulations were 
responsible for a higher proportion of early deaths, but in the nine survivors only 
three relapses occurred Two of these animals were insufficiently immunized, foi 
both had an evanescent relapse in which the type of spirochsete used for immuniza- 
tion was found The relapse m the third case was caused by a third type, ‘ C ’ 
against which no immunity had been induced 

In the animals sub-passaged from the immunized series, however, nine relapses 
were observed out of eleven infections"^(two animals showed no relapse) It was 
obvious, therefore, that the immunization of the primary series had no effect on the 
subsequent development of the spirocluete, which, it was thought, might have been 
permanently eradicated by this means 

Experiment II Immunization and subsequent infection with the same type 
of spirochaete — 

This experiment was earned out in precisely the same way as the previous one 
with the exception that the same type of spiiochsete was used foi immunization 
lud infection Foiu sqiinrels weie immunized and then infected with the ‘ A ’ 
type spirochsete and four noii-immumzed anunals were used as controls (Table III) 
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In tliiee out of the foui immunized animals tlio piimai}’- attack was completely 
aboited without the appeaiance of a relapse In the fouith squiriel a relapse lasting 
at least foiii days appealed without any evidence of a piimar} attack The spiro- 
chsetc in this case belonged to the ‘ C ’ type 

These two experiments taken together give some valuable information as to 
the origin of types of spiiochaete secondary to the infecting type In the first place 
oiu first h5'^pothesis cannot be accepted in so far as it demands the presence of two 
01 moie immutable types of spirochaste throughout the couise of the disease, for it 
was found impossible to produce a permanently pure strain by the elimination of 
the ‘ lelapse ’ type, although the methods employed w’^ere sufficient to destroy much 
larger numbers of the same t3’-pe of spirochaete when used for initial infections On 
the othei hand the second experiment shows that in many cases the secondary 
strains are not present at the moment of infection and so must develop later in the 
course of the disease, as both attack and relapse were aborted in three out of the 
four cases infected f The fourth case, in w Inch a relapse occurred, can only be 
explained on the supposition that the vaiiant was present in the piesmnably pure 
strain when used for infection, or that certain individuals were able to change their 
antigenic properties so rapidly that they weie able to resist the destructive action 
of the anti-body 

These experiments give us the conception of an organism composed, not so 
much of pre-existing antigenic elements, as of potential variants called into being in 
response to various factors of which anti-body formation is possibly one By this 
means the organism is repeatedly able to avoid destruction and to produce the 
characteristic relapsing features of the disease 

The change of type is obviously a gradual process and occurs at different times 
during the course of the disease The \ariants may be present in the inoculum 
from an apparently pure strain but more commonly thej' appear to be foimed as the 
disease develops 

Evidence of the presence ot additional types is often found at the end of the 
first attack initiated by a presumably pure strain Thus, free-swimming spirochcBtes 
in small numbers mav often be seen accompanying or following the culmination of 

* The experimental suppression of tlie fiist attach has previously been reported bj' Novy and 
Knapp (1906) and other authors but ue have also found it to occur occasionally in the ordinary process 
of sub passage 

The follo^vlng examples of this can be £rivcn — 

‘B’ 

Sq No 2957 G -)- + + 

‘A’ 

Sq No 5615 B — h ct< 

‘AG 

Sq No S005 C — — — /--) — I — ] -f — u died 

‘A 

Sq No 112S2 B + etc 

Ao/c — Each + or — sign denotes a dail\ examination 

Jfelene^ (1928) has also reported its occiiiTcncc It -would apiiear, tlicrcforc, that conditions siniilni 
to those obtaining in the aboie expenment occasionallj ajipear in ordinary infections 

I Further evidence bcanng on the same subject is alTordcd M the form of agglutination cunc 
following inoculations of N A B in relapsing fe\er infections 

If the curative dose is given earlj m the infection agglutinins arc present to the mferting Upe of 
spiroch-ete onlv proving that otlier t\pes are a later development This question will he dealt viith in 

another eommimic'itiou 




J CuiuniujJicDii, J II 'TJieocloie and A G L Fiaso 


117 


ail altiitk 111 wliKh tlie mijoiity of tlic spiiocliffites have heeii elumperl and have 
dit, ippcaicd (see Tc\t-figiiie and Table IV) In most cases these spirochaetes disap- 
pear aftci 24 to 48 hours but they may incieasc in number and in one example given 
(Mo 5889 G ) were pioved to be a different type to that originally used for infection 
A.U extreme ease of this kind is also shown (No 3506 C ) where three successive 
w'aves of infection followed immediately one on the other in the course of a single 
attack, each weave being brought to an end by clumping of the spirochaetes In such 
cases it would appear that the new tjpes begin to develop before the end of the 
preceding attack so that the successive infections are, as it were, superimposed one 
upon the other (see Table IV) 



Tr\T riGURi 

park ground preparations of spiiochcetes 
clumped with specific typo serum showing 
spirochaites unaffected bj the serum 

The agglutinin curves already studied (Charts 2 to 9) and the presence of 
spirochaites themseKes in relapses afford abundant e\idence of the development of 
new types later in the course of the disease It can be concluded, therefore, that 
secondary t 5 rpes may take form at practically any period of the disease, their presence 
and numbers depending upon the factors which govern the ebb and flow of attack 
and defence 


V Mixed types 

Cases occur m which tw'o, and moie rarely three, types of spirochfete appear in 
\ arying proportions in the same infection They are found under varying conditions 
in both relapses and primary attacks and the sub-passages followung from them 
Then detection followed the observation that, in such cases no single tjpe serum 
produced agglutination of all the spiiocluetes piesent but that a suitable combination 
of the sera resulted in a complete reaction The number of spirochaetes affected bv 
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each serum varied lu some cases the types were piesent m approximately equal 
numbers More frequently, however, one type predominated over the other to the 
extent of tliiee-quarters of the total number or even more An example m which 
the types ‘ G ’ and ‘ A ’ were found in combination may be given — 


Tost sera 

Dilutions 

1 

10 

1 1 
520 

1 

1 640 

1 

1,280 

1 

2,560 

‘ G’ 

+ 1 1 

! 

+ 1 

+ 

— 


‘ A ’ 

+ 1 

+ 1 

+ 1 

-f 1 

j 

‘G’ -t- A’ 

-i- 

1 

1 

1 

+ 

+ ^4 

1 

_ 


Note , — The fractions denote the appioximatc proiiortion of the spirochietes 
agglutinated, the remainder remaining unaffected by the particular serum in use 


In this particular case the titre foi the two specific sera used was — 
‘ G ’ serum ^ 


‘ A ’ serum 


e40 

1 

1,280 


Both sera agglutinated the spiiochaates in the proportions eacli type was pri&eut 
up to the limrt of the titre of the respective sera The leaction tvas complete with 
the mixture up to the final titre of the weakei serum (‘ G ’) The next dilution 
(1/1,280), containmg only ‘ A ’ auti-bodies, reacted with the ‘ A ’ elements alone, 
1 e , one-fourth of the total number of organisms piesent 

These mixed strams could be mamtained by sub-passage at 24 to 48 hours aftei 
infection for a considerable number of sub-passages but the proportion of the two 
types vailed, sometimes one strain being predominant, sometimes the other A 
moie detailed reference will be made to the factors governing these variations ■when 
the stability of spirochsetal types is discussed 

Table V shows the combinations which occurred in 89 instances of ‘ mixed 
type ’ infection It shows that any type can combine to form a mixed infection 
with any of the remaining tjpes (with the possible exceptions of ‘ D ’ and ‘ B ’) 
provided that the conditions which peimit of the presence of both types in the 
blood are fulfilled The most common combinations seen were ‘ A ’ and ‘ G ’, and 
‘ B ’ and ‘ C ’ The figures camiot, hovever, be taken as an absolute measuie of 
the frequency of tliese combinations for the conditions under vhich tfiey originated 
are not altogether comparable, i e ,the diffeient tjqies have not been passed through 
the same number of sub-passages so that the various combinations have not had the 
same opportunity of appearing They serve, hovever, as an indication of the 
Commoner varieties of mixed infections 
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VI Frequency oi appearance and ultitviate fate of types 

In om pievious investigation in wlucli only two complementary types, ‘ A ’ 
and ‘B were discovered, this question did not arise With the isolation of so 
many additional antigenic principles, however, the numerous possibilities of varia- 
tion require consideration 

Passage of the organism from animal to animal can occur naturally durmg the 
first attack oi any subsequent relapse Each new infection, whether originally 
derived from a primary attack or relapse, is itself capable of producing a relapse 
which on sub-passage may once more originate a fresh series of first attacks and 
relapses This process can be continued indefinitely, as it were, m a series of steps, 
01 ‘ succession ’ of relapses with a change of type each tune a relapse appears (see 
Charts 10 to 18) In this w iv a large number of different types may aiise as the 
epidemic develops unless some conservative process is brought into operation to 
check the tendeuc}’^ towards continuous variation Our early work, admittedly 
earned out wuth a limited number of animals, suggested the possibility that some 
such check did in fact exist 

IMeleney (1928), if we understand him aright, however, pictured the creation of 
an ever increasing number of tjqies as the infection progressed His conclusions 
were based, however, on a small number of tests performed on splenectomized 
animals in which the disease is admittedly more severe and the change of type 
probably less under control It is questionable, therefore, whether his results are 
wholly applicable to tlie disease as it exists under natural conditions The whole 
question, in our opinion, merits further examination and we make no apology for 
presenting our results in some detail as the subject is one of the most important 
problems m the aetiologv of the disease 

In dealing with this question we have followed three different lines of investiga- 
tion — 

(1) The fiequency with which different types have appeared in relapses 
following infections initiated by each type of spirochEete and their possible 
relationships 

(2) The types of spirochcete found in relapses arising from the mam stem of 
three separate human strains 

(3) The ultimate fate of the spirochaetal tjqies which originally appeared in 
second relapses as judged by the types which appear in a ‘ succession ’ of relapses 
ansmg from them 

(1) Frequency of aqjpearance of drffereni types and their relationships — Table VI 
shows the distribution of the types of spirochsete appearing in 506 first relapses 
These figures have been collected from attacks which have occurred subsequent to 
the isolation of the ‘ 6 ’ type so that pure lines of all the types found previously were 
m existence, although not necessarily m equal numbers The peculiar types ‘ H ’ 
and ‘ I ’ were not discovered until much later and so cannot be considered on the 
same footing The table shows that the types ‘ A ’ and ' B ’ which were first 
isolated appeared far more frequently than any of the others, no matter what type 
initiated the attack Apart from this outstanding fact it would appear that 
practically any type can, on occasion, follow any other, although certain 
combinations are undoubtedly unusual (e g , type ‘ G ’ following typo ‘ A etc ) 
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Typos ‘ A ’ and ‘ B ’ are definitely complementaiy to eacli otliei The othei 
types take up, as it were, an intermediate position in that eitlier the ‘ A ’ or the ‘ B 
type can follow them in a relapse as occasion demands It might also be inferred 
that types ‘ C ‘ D ’ and ‘ E ’ were moie closely allied to the ‘ B ’ than the ‘ A ’ 
type from the much higher propoition of ‘ A ’ relapses which follow them, while on 
the same grounds the ‘ G ’ type might claim to be more akin to the ‘ A ’ type Apart 
from these indications, however it is impossible to establish a more precise relation- 
ship between the diffeient types 

The ‘ F ’ type was peculiar in that it could not be kept as a separate entity for 
any length of time and, therefore, could not be studied to the same extent It 
appeared to be closely connected with the ‘ B ’ type which generally superseded it 
even in the primary attacks The ‘ mixed types ’ call for no special mention here 
apart from the fact that either the ‘ A ’ or the ‘ B ’ element w^as almost always the 
dominant factor in the combination 

The next table (Table VII) shows the t 3 '^pes appearing in the second relapses in 
the 19 cases in which the spirochsetes responsible for the tw'o previous attacks were 
definitely identified Ten of the 19 cases show'ed the ‘ A ’ and ‘ B ’ types in the 
first two attacks In five of these ‘ C ’ was responsible for the second relapse The 
remaimng second relapses were caused by various other types or combinations w’hich 
occurred too infrequently to have any special significance 

Certain general principles wdiich govern the appearance of these spirochsetal 
types can be deduced from the facts which have just been brought foiw'ard 

In the first place it can be laid down as axiomatic that spirochsetal types 
responsible for relajises always difier from those found in the attacks which have 
pieceded them in other words the previous appearance of any particular t}pc m 
an infection debars it from any further participation in the disease in the same 
animal This principle, w^hich emerged from our early work so far as the two 
primary types ‘ A ’ and ‘ B ’ were concerned, undoubtedly applies to the other 
tj’-pes which have been isolated mofe-iecently The two primary types were also 
considered complementary to each other, a term which was synonj^mous w'lth the 
principle enunciated abovo as long as the two types were involved alone, but does 
not necessarily follow where other types had to be considered The additional 
evidence whicli has just been brought forward merely strengthens the \iew previ- 
ously held with regard to these two basic types Melenej holds that the remaining 
tj’-pes can also be divided into associated groups which appear in alternate relapses 
and which apparently can only follow certain types We have been unable to 
substantiate this view, for, although certain of these secondary types appear to be 
more closely related to one or other of the primary types than the others, there 
IS no clear cut distinction between them and they all appear to hold a more or less 
intermediate position which enables them to follow any type wdieii necessary This 
peculiar attribute, as will be seen later, undoubtedly affects their stability as in- 
dependent antigenic elements 

(2) Relapses aitsing fiom the maw stem of three sepal ate Imma'n — The 

three strains ‘ B 2 / nnd ‘ Hazro ’ were obtained from three sporadic cases of 

the disease occuiring in the Multan and Hazio districts in the Punjab The case 
labelled ‘ P] ’ was found to be due to the ‘ A ’ type ‘ P 2 ’ to the B type and 
‘ Hazro ’ to the ‘ C ’ type of spirochaetc 
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Tile ‘ Pi ’ stram (Chait 10) i\ab caiiied on for 302 generations in tlie diicd line 
.ind throiigliout tlie ivliole of its course remained true to type The majoiity 
of amnia Is did not si'ivive long enough to eliminate the possibility of a relapse 
occuinug, but relapses appeared m 55 instances in the remaining 86 animals 
The type of spirochnitc present was determined in 16 of these and proved to 
belong to the ‘ B ’ type, some ‘ C’ elements being present in three cases (PI os 2H, 
215 and 243) 

The ‘ Po ’ strain (Chart 11) was kept alive for 300 dmet sub-passages and 
remained a ‘ B ’ type during tlic whole period of its existence Once more the 
majority of animals died before the possibility of a relapse could be excluded, but of 
the 90 animals lemaiiuug, 54 showed iclapses and 34 of these were tested for the 
ti’pie of spirocluete present The distribution of the t} pes found in these cases w'as 
as follows — 

‘ A ’ tjpo in ia cases (some ‘ G ’ elements also picsent in 3 cases) 

‘0’ „ „ G 

‘D’ „ „ 1 , 

‘ G ’ „ „ 3 „ 

The ‘ Ha/uo ’ strain (Chart 12), found to be a ‘ C ’ type on isolation, was passed 
tluough 88 direct passages At the 39th passage it changed t} pe to ‘ A ’ during the 
fiist attack and continued as an ‘ A ’ until the stiain was allowed to die out In 
this case 43 animals died too soon to show a relapse while 25 relapses appealed m 
the lemaimng 45 animals (12 while the strain remained a ‘ C ’ type and 13 after it 
had changed to ‘A’) The tjpe of spirochtete wa'^ determined in 18 cases as 
follows — 


Before ttiango of 
tjpc 

1 Aftci cliangc 
of t J pc 

' A 

1 

AM 

‘ B’ 


In 9 casBs 

‘ D 

, 1 case 

„ 1 case 


The results obtained with this strain are of interest from sev eral points of view 
In the first place there is a change of type from ‘ C ’ to ‘ A ’ occuriing without the 
intervention of a relapse A study of the types of spirocliEetes appearing in the 
relapses shows that the ‘ C ’ type when fir&t isolated incbnea definitely towards the 
‘ B ’ side (the majorAy of the relapses were due to ‘ A ’ spiiochsetes) This condition 
of affaiis gradually changed with sub-passage, as the ‘ A ’ elements gradually gamed 
a preponderance until the ‘ C ’ spirochaetes disappeared altogether and actually 
appeared later in the relapse in combination with ‘ B ’ (passage 67) Once the 
type ‘ A ’ spirochsotes became established as the cause of the primaij attack the ‘ 3 ’ 
type appeared in the relapse in almost everj’^ instance 

Considering as a whole the results obtained with these three stiains it is obvious 
that the ‘ A ’ and ‘ B ’ spirochaetes predominate as the causes of the relapses in all 
three strains This is perhaps to be expected in the first two instances in which 
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these two types were responsible for the primary attacks It is of some significance, 
liowever, that the same sequence should follow an infection with the ‘ C ’ type of 
spiiochsete and points to a definite trend towards the re-estabhshment of the tivo 
main types ‘ A ’ and ‘ B ’ 

The other types seem to appeal more fiequentlj^ in the earliei relapses and 
infections arising from sub-infections originating from them This may be due in 
some part, at any i ate, to the piocess of acclimatization of the spiroclisete to another 
species of animal for the infections immediately following the tiansfer from the 
human being are frequently atypical and difficult to maintain 

(3) The ulWnate fate of spiiochoiles which have appeal ed m second i elapses as judged 
fwm the types apjieaiing in a ‘ succession ’ of lelapses ausing from them — Charte 13 
to 18 give examples of the results which follow the sub-passage of each of the ‘ second 
relapse ’ types, ‘ C ‘ D ‘ E ‘ F ’ and ‘G/, through a series of relapses These, 
togethei with the three preceding charts (Cliaits 10, 11 and 12), illustrate the course 
of infections initiated by all the t}pes in our possession ivith the exception of the last 
two, ‘ H ’ and ‘ I ’, and must, tlieiefore, give a fanl}’- complete picture of what must 
occur under natural conditions The organisms have been carried through from 
two to four SCI les of relapses, the fiist series being reckoned as the one arising directlj 
from the parent stem of the ‘ second relapse’, the second series consisting of relapses 
ausing in sub-passages from the first series and so on 

These charts speak for themselves and do not require detailed description 
a shoit leference to the salient featuies of each will, therefoie, suffice — 

Chait 13, Sg No 396 B 2nd '>ela 2 >se, type ‘ C ’ 

The ‘ C ’ organism when it first appeared was apparently nearer the ‘ A ’ type 
as a ‘ B ’ spirocliiete appeared at first in its relapse in the first series On sub- 
passage, liowever, it gradually approached the ‘ B ’ type as the latei relapses in the 
same series were due to the ‘ A ’ tvpe In senes II and III the ‘ A ’ and ‘ B ’ types 
alternated with each other witli only one exception (No 411 in the second series 
which relapsed to a ‘ C ’) 

Ohnit 14, Sq No 392 B 2nd relapse, type ‘ D ’ 

Heie again the earlier sub-passages veie followed by ‘B ’ relapses but the ‘ B ’ 
elements appear to have influenced the primary attacks {see Nos 405 and 422) 
and the ‘ A ’ type then appeared in the later lelapses in the first senes The relapses 
in the next senes were due to either the ‘ A ’ or ‘ B ’ types 

Chart 15, Sq No 391 A 2nd i elapse, type ‘ E’ 

This strain was followed for over 300 direct sub-passages and exhibits several 
points of interest The relapses m the first senes were more variable than m the 
two preceding examples and varied between the types ‘ A ‘ B ‘ D ’ and ‘ G 
With the majority due to type ‘ A ’ At sub-passage No 579 E two parallel series 
of sub-passages were earned on, one of wffiich favouied ‘ A ’ and ‘ B ’ in its relapses, 
the other ‘ D ’ In the later series the ‘ A ’ and the ‘ B ’ tjpes again preponderate 
but the other types ‘ E ‘ D ‘ C ’ and ‘ G ’ make an occasional appearance showing 
that complete stability had not yet been leached ivhen the examination ceased 
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Oha)l Ibj Sq No 407 G 2nd )elapse, type ‘ F ’ 

Reference 1ms already been made to the instability of this type When first 
isolated it contained ‘ D ’ and also ‘ E ’ elements but these gradually disappeared on 
sub-passage The tj pes of spiiochsete in the diflerent relapse senes var}' somewhat 
‘ B ’ IS the most common t) pe in the first series Even where other types have beer 
found, however, there is an undoubted tendency for relapses from these to exhibit 
the primary types ‘ A ’ and ‘ B ’ 

Ghatl 17, Sq No 417 A 2nd itlapi>e typ< ‘ G ’ 

The relapses from the main stem in this case do not show the samp iiiufoimity 
in either the first or second senes It is of interest to note, however , that the relapses 
ocemnng in the long chain of sub-passages made from the ‘ D ’ type in series 11 
(No 429) are due for the most part to the types ‘ A ’ and ‘ B 

Email)', the results obtained in a number of other strains arising from second 
relapses have been summarized in Chart 18 In these cases also the ‘ A ’ and ‘ B ’ 
types predominate m the relapses arising directly from the infections caused by 
these ‘ second relapse ’ organisms to be precise, in 11 out of 13 instances 

The experimental data which have been produced are, we think, sufi&cient to 
show that the broad principle underlymg these spirochsetal types, either in relapses 
arising directly from the parent stem or m a succession of relapses carried through 
several series, consists of a definite and persistent attempt to revert to the primar) 
t)'pes ‘ A ’ and ‘ B ’ whenever conditions become favourable There is certainl) 
some variation in the rate at which this process takes place but the whole trend of 
the experiments points in the same direction Evidence of unrestricted variation 
of type IS ceitainly not forthcoming We do not mean to suggest, however, that 
the nine antigenic components v»e have isolated exhaust the possibilities for variation 
which exist in relapsing fever spirochsetes On the contrary, we hold that this 
process is a vital one and, therefore, capable of mfinite variety given the neccssar) 
conditions, but we consider that the constant drift back tow'ards the basic types 
acts as a powerful check on what would otherwise result in an unrestrained multi- 
plicity of types with complete loss of specificity 

The fact that the two basic types have been isolated in areas so far apart as the 
Madras Presidency and the Punjab is strong evidence in favoui of this hypothesis 

VII Study of types ‘ H ’ and ‘ 1 ’ 

These two types, which were isolated towaids the end of the investigation, 
showed ceitain departures from the ‘ normal ’ which call for special consideration 
Morphologically, they showed no drfierence from the other types either under 
the dark-ground illumination or m stained specimens A large proportion of the 
attacks produced by them, howevei, mstead of developing along the usual lines 
seemed to hang fire owing to the apparent inability of the spirochsetes to develop in 
any numbers The attacks thus became much prolonged, the oigamsm persisting 
in the blood for comparatively long periods of time Certain of these attacks lasted 
as long as nineteen days, while a laige proportion of them exceeded tw eh c dais 
in length (Table VIII) ^ 
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Type ‘ G ’ when first isolated had close affinities to type ‘ A shoeing a tiian- 
giilar reaction in cross agglutination tests until the t\\o antigens 'nerc finally 
separated b}’’ experimental means 

4 A study of the agglutinin curves follmving infections initiated by the various 
types showed that these conformed to one (oi a combination) of four forms following 
either the first attack or the relapse — 

(o) A simple lesponsc to the type of spirochsete causing the infection, or, in 
the case of the relapse, the relapse 

{h) A senes of one or more subsidiary rises to other types following the mam 
cuive xn succession, the summit of each succeeding ciiive being lower 
than its picdecessor 

(c) One oi more subsidiary curves to other tj'pe'j arising simultaneously with 

the mam response to the type causing the infection (oi the relapse) 

(d) A combination of tlic two preceding forms {h) and (c) in the same infec- 

tion 01 1 elapse 

These diffeient forms of curves or combinations of them could follow the first 
attack or lelapse with the result that the serum at the close of the infection might 
contain agglutinins to from one to fi ve different types even in cases without obvious 
lelapses The disease would, therefore, appear to consist in most cases of a 
succession of invasions bv different types which vary in intensity and duration , the 
essential difference betw^een cases which exhibit' single ’ attacks and those showing 
‘ relapses ’ being only one of degree in that the later attacks are ‘ latent ’ in the one 
case and demonstrable by blood examination in the other 

5 Experiments chimed out to determine the origin of the various types give 
the concejition of an organism composed not so much of pic-cxisting antigenic 
elements as of potential variants Change of type is presumablv a gradual process 
and occurs at different times during the disease The variants ma) be present ni 
an apparently pure strain on inoculation but more commonly appear to be formed 
as the disease develops Evidence of the presence of such variants is sometimes to he 
found at the end of the first attack 

6 Infections m which more than one type of spwochaete is present are to be 
found on occasion's Such ‘ mixed ’ strains can be maintained for con'sideiahle 
periods by sub-passage but the proportion in which the two types are present vanes 
from time to time With the possible exceptions of types ‘ 33 ’ and ' E ’ any one 
type can combine with any other ‘ A ’ and ‘ G and ' B ’ and ‘ C ’ W'err the most 
common combinations found 

7 The frequency and the ultimate fate of the vai ions type's of spirochaeto have 
lioen investigated m various ways 

A A stiidv of the sp]rocha?tes appearing in 506 first relapses arising from 
infections initiated by the various types shows that — 

(h) The appearance of any paiticiilar type in an infection debais it fiom aiij 
further participation in the disease m the same animal This principle 
applies to all tlie tqqres isolated 

(fi) The piiniar\ t\ pes ‘ A ’ and ‘B ’ aie definitely complementaiy to each 
other The other types take an intermediate position and altliongh 
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ccitain of the secondary types appear more closely related to one 
or othei of the primary types (‘ C ‘ D ’ and ‘ B ’ to ‘ B ’ and ‘ G ’ 
to ‘ A ’) there is no clear cut distinction between them nor can they be 
divided into associated groups 

B The same general principles with regard to the appearance of types apply 
to second relapses also Ten out of 19 cases showed the ‘ A ’ and ‘ B ’ types m 
the first two .ittacks In five of these type ‘ C ’ was present m the second relapse 
In the remainder other types or combinations of types appeared 

C An examination of a series of first relapses derived from the mam stem 
of three strains obtained from different human sources (Punjab 1, due to ‘ A ’ 
t 3 rpc, Punjab 2, due to ‘ B ’ type, and Hazro, due to ‘ C ’ type) shows that the 
majoritj’^ were due to tA’pes ‘ A ’ and ‘ B ’ and comparatively few due to other 
types 

D A large number of the strains appearing originally in second relapses have 
been followed through a ‘ succession ’ of relapses (see page 119) with a view to deter- 
mining the ultimate fate of such types undei approximately natural conditions 
The experimental data produced show that the broad principle underlymg the 
appearance of these types consists of a definite and persistent attempt to revert to 
the primary types ‘ A ’ and ‘ B ’ whenever conditions become favourable Evidence 
of unrestricted variation of type is not forthcoming On the other hand no claim is 
made for the limitation of the possible antigenic components to those isolated up to 
the present The constant drift back towards the basic types, however, must act 
as a powerful check on unrestrained multiplicity of type which would otherwise 
lesult in complete loss of specificity 

8 Two types, ‘ H ’ and ‘ I ’, which exhibited certain peculiarities, were isolated 
towards the end of the investigation The attacks initiated by these types were 
much prolonged (up to 19 or 20 days) and were characterized by the apparent 
inability of the spirochsetes to develop m any numbers The types were true sero- 
logical entities and, while remaming consistently true to type at tlie beginning of the 
attack, either remained pure throughout the whole attack or changed to another 
type about the elev’^enth oi subsequent days It is suggested that the phenomenon 
may represent a form of restmg stage occurring in the peripheral circulation similar 
to that exhibited by spirochsetes when they persist in the internal organs 

9 The primary types ‘ A ’ and ‘ B ’ and certain of the others (‘ D ’, ‘ E ’ and 
‘ G ’) are remarkably stable on sub-passage as long as the transfers are carried out 
sufficiently early (24 to 48 hours after infection) Other types show a greater 
tendency to change tjqie after a certain number of generations have passed 

10 Change of type without the intervention of a relapse has also been observed 
on rme occasions When it does happen the course of ev'^ents is as follows during 
the routine upkeep of strains the invading type gradually appears in the first attack 
and increases in numbers m successive sub-passages until the original type is com- 
pletely replaced The change may occur rapidly in the course of a few sub-passages 
or very gradually requiring twenty or more sub-passages for completion These 
changes occurred chiefly in the case of the secondary types and w ere mainly in the 
direction of the primary types Types ‘ C ‘ F ’ and ' G ’ were those^^most frequently 
involved 
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Finthe^ OhseivaUons on Indian Relapsing Fevei 




c* 

IQ 


?5> 

O 

<>> 

•»o 

^ s 

11 
^ 2 : ^ 


?S 

ft. 


•xA 

O ' 


^ 5S 

I §: 

55 ^ 

V. «xo 

u 

1. § 

g "S 
§ ss 
«-». ^ 
Qi CS 
55, Gi 

iV e 

la 




S 

CO 

cii 


I’ 


03 


SUB PASSAGES FROM IMMUNIZED SERIES 

potjosjui !|OJ)J 

++ 
i-< CQ 

M 

0 0 

0 

CO 

pi 

M 

p 

a 

U1 

u 

0 

» 

s 

< 

p 

asduioj 021 


(M 

P'1 PI 


Infected 

Relapse 

present 

ojajqoojids 

JO adifx 

7BBB 

A A A A C 


? BB B B 

? AA A 


Toquin^ 


Ci 

iO M* 

C5 

/fpua paiQ 

<M CM 


<M C^ 

IT' 

sjojJTnbs JO joqiunjj 

■ 

00 

C' cr 

CO 

CO 

--S' 

cii 

ta 

m 

P 

P 

N 

2 

5 

6 

P 

0 * 

CO 

n 

•' 0 

Pi 

CeJ 

5 

tD 

pa:^O0jni 

■ 


0 0 

0 

■6 

<U 

0 

<D 

c 

r-H 

asduiai o^j 

«M 

CP 

C'7 

<s» 

Relapse 1 

present ' | 

1 

ofi.qDo^d8 

JO adifx 



03 

p -< 


joqiun|.j 

(M ^ 

CP 

^ 'f 

CO 

1 

D 

^ 1 

1 

!_ 


ifiaua pai(j 

\f^ ^ 


-S' C*' 

r- 

Type of 
spiroehiete 
used for 

uoijoajuj 

< M 


< « 


aot^'Bzratimxni 

K < 




sjoxnnbs jo joqninfij 

* +- 

0 0 

0 

CQ 

# 

0 

0 

<M 

1 

Expen 

ment 

number 

-- CQ 

Totals 

rH CM 

2 

«*> 

f- 

0 

H 

Series 

a 

u 

s, 

i/ 

H J 

"o 

0 

0 


"O 


4J 

o 

c 

o 

W) 

a 


0 


0) 

5 


1 

2 


«4H 


*1 died before infection developed 
1 1 died before immunization complete 


J Cunningham, J II Theodo)e and A G L Fiaser 


133 


Table III 

Giving llic results of an expo intent designed to show whether more than one 
type of sjnrochatc is present in a presumably pwie stiain by means 
of immunization and subsequent infection with the same 
type of spirochcete 


Senes j 

Tjpe of 

1 smrorhtete 

j Acmber of squibrels 

CO 

*3 
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5 

c- 

*o 
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Si 1 

: s 1 

! •S 
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a> 

_ C- 

Infection ° 
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! Infected 

1 

Not infected 

First attack 
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•o 
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03 
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Giving examples of infection showing a continuation of the attach afto clumping of the spii ochcBtes has occurred 
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lutlie'i Ohsovatioiis on Indian iRela'psing Fever 
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The signs and numerals have the same significance as those in the charts (see note to Charts 2 to 9, page 141) 
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Table V 


Showing Ihc combination of spiiochcele types which occurred in 89 cases 
of infection with ‘ mvxed ’ stiains 


Types 

Number of times the combination occnrred 

Number of times 
each type was 
found m combi 
nation 

A 

1 

B 

1 

1 

c [ 
1 

u 

[ 

E 

b 

G ^ 

i 

Totals 

1 

A 


10 1 

1 

1 

0 

1 

1 

1 

1 

3 

1 


1 

19 

38 

38 

B 



17 

3 1 
1 

2 
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1 1 
1 7 I 

34 

j 44 
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1 

1 
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j 

1 

1 

1 
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26 
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8 I 


1 
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1 

12 

E 
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1 

1 

j 
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2 

2 

1 10 
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1 
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1 

1 3 

9 

G 
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1 ! 


Totam 


80 


178 


Table VI 

Showing the distribution of the type of spiiochcete appealing in the Just ) elapse in 506 animals arranged 
aecouling to the type of spirochcete lesponsible fo) the first attach 



Totals 
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Table VII 

Showing the dislnbiition of the type of spiiochatc appealing in the second 
relapse in 19 animals ai ranged aceoiding to the types of spiiochate 
1 esponsible foi (he first attack and fist i elapse 


Type of 
spiroch-cte 
m 

Type 

OF SPmOOIIiETF APPEARING IN THE SECOND RELAPSE 


Totals 




Number of times cacb tjpe was 
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Table VIII 

Giving examples^ of (1) ‘ standard ’ attacks and relapses in squirrels for comparison ivith 
(2) ‘ single ’ attacJcs and (3) attacJcs with ‘ relapses ’ caus^ by the ‘ H ’ and ‘ I ’ 

types of spiiochcete in sqmirels 


Squirrel 


Days of infection 


number S 5^ ' i 1 ~ — 

1 1 2 1:45 6 7 b 9 10 11 12 13 14 16 IG 17 18 19 


I ‘ Slandaid'' attacls 


385 B 

5838 D 


5 30 30 -H, #c 


1 6 6 

12 

20 


3 30 44 - 

H- 

4H-C 

Mir 


1 8 


12 I I 
-> 14- -H- 


4 10 20 Lt 


II Types ‘ H ’ and ‘ I ’ 
‘ Single ’ attacks 


4882 H 

4947 H 


6032 H 


4668 H 

4565 H 

[I Relapses 
4311 H 

4531 H 

j 

4906 I H 

6070 ! H 


1 6 


1 2 


1 IG 20 


2 2 112 1 


20 15 15 5 5 


10 5 2 1 

1 2 1 1 i I I 


20 15 10 1 6 20 10 


1 1 2 10 4 4 

15 6 8 26 i 2 i i 6 T 

2 2 3 

20 5 10 10 10 10 10 2 10 1 1 6 

12 3 12 

2 15 12 8 4 8 2 10 6 2 10 1 

G 3 5 1 2 20 20 + + + + + + + 

26 25 3 20 

3 8 15 20 20 +c 15 5 1 1 3 

30 20 20 30 30 


1 1 2 


5 8 8 15 20 


3 8 8 H-c 1 


2 2 5 20 

2 3 10 4-11- -H- +K -!+<= 


6 5 10 8 


1 5 


1 5 1 

10 1 2 

3 3 1 4 3 5 

2 12 


5 3 1 I 2 20 10 20 20 


6 6 10 


25 20 


12 1 1 

~2 To 30 20 2 I 6 r 


The ordmary + sign to sigmB the presence of spirochastes in the blood hns been omitted to a great extent in this table 
ninr. nrocntico of snirocbEctcs tlic blood is indicated by a horizontal line The numerals ahoic the line denote the 
1 nnmbpr of spirochxtes noted per field those hclow the line, the total number of spirochfctcs seen in lOl 

fiSVnoS >» 2 •» »■ ■«) 
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Table IX 


Showing the highest nunibei of direct sub-passages recoided foi each type of 
spirochcele without evidence of change of type 


1 

'^ourco of strains j 

Number of sub passages for each type of spiroch'cte 

A 

B 

C 

1) 

E 

[ r G 

H 1 

I 

Sladras i 

1 

582* 

-»49t 

1 

194t 

1 

>89t 

117t 

2 it ' 296* 

72* 

88* 

Punjab 1 and 2 i 105* 

1 

1 

28S* 



1 

1 

1 

i 




1 

Harro 

1 

i 

1 

1 

38t j 




1 



* — sub passage discontinued t — strain died out | = strain changed type. 


Table X 

Giving detarh of change of type occinnng mthoul the intervention of a relapse in the 
course of routine sub-passage shoioiug the number of the sub-passage at which 
the change occurred in each case 


Changt ov 

riPE 

Number of sub passages before change 
occurred in each case 

Total 
number 
of cases 

From 

To 

A 
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B 59 
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Total number of changes to A 10 
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Chart 1 

Givmg examples of second i elapses (thud attacks) caused by different types 
of spiiochsetc togctliei with then seiological reactions 


ATTACKS AND RELAPSES 
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Chahts 2 to 9 

Showing different forms of agglutination curve follouing infections uitli 

Sp carteri 

The presence of spirooh-etes in the blood is shown by the + or — signs The numbers above the 
horizontal hmb of the cross indicate the intensity of the infection those to the left of the vertical 
limb give the total number of spirochsetcs seen in 100 fields of the dark ground illumination (l/12th 
objective) those to the right the number of organisms per field 

A rough estimate of the actual number of spirochaetes represented by these figures ean be made 
from the fact that in two actual counts 10 spiroch®tes per field were estimated at 1 88,936 and 146,653 
orgatusms per c o of blood 

The double and triple pins signs indicate that the spirochtetes in each field were too numerous 
to count directly (about 1 to 2 millions and 3 to 4 millions per c c of blood respectively) 

The small ‘ c ’ above the plus sign means that spontaneous clumping of the spirochsetes occurred 
in the blood on that dav 

The serological reactions of the infecting spirochiete are noted under the sign of the day on 
which they were tested 



CiiAnT 2 

Single allacl — Curve showing reaction to the infecting tyjie of spiroclisete only (Porni 1) 
Squiuel No 5148(7 
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Chart 3 

Single attack — Two curves using in succession showing reactions to the infecting and 

another type of spirocheete (Form 2) 

Squirrel No 5646 


Day of infection 


Spirochstes 

Blood 


1 2 3 4 6 
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Si)igh alktcL — Two ciuv(S iisuig swmltaneously shovung leactions to tlio infecting and 

anotlici type of “ipiiochaitc (Foiin 3) 


- Squtricl No 5323jB 
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Scnim Tilro 


40,900 
20 480 
10 240 
6 120 
2 660 
J2?80 
640 
320 
160 
80 
40 
20 
10 





11 


A 


Chart 4a 

Single attack — Five curves rising simultaneously sho'wing reactions to tlie 
infecting and four other types of spiioclisete (Foim 3) 

Squirrel No 57282) 
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Chart 2 

Single aZ/ffcA.— Curve sliowmg reaction to tlie infecting tyjie of spirochaite only (Form 1) 
Squill el No 5148C 

Day of infection 1 2 3 4 5 10 15 20 25 30 35 40 

Spirochieles in 

Blood ~ 

Serum Titro a — 

40,960 B - 

20,480 C' + 

10,240 D - 



Chart 3 

Single attack — Two curves rising in succession showing reactions to the infecting and 

another type of spirochsete (Form 2) 

Squirrel No 5646 




CiURi 6 


FtrsL altncl aixi one jr/ayKe— Cuxvps sliowin" lenctions to infecting 
spn odiKstc'x onU (Foim 1 m iclopsp) 

Squirrel No 5838/) 


iiifl ‘ reUpse ’ 


P»y of Infection X 2 3 4 6 10 15 20 2^ ^0 


Spirocticteo 

Blood 

Serum Titro 


40 MO 
20 480 
10 240 
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1,280 
640 
320 
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Chart 7 

First attack and one relapse — Curves showing reactions to infecting and ‘ relapse ’ spirochfctts 
the latter followed b)’' s further leaction to anotlier tj^pe (Form 2 m relapse) 

Squirrel No 5605B 

Day of infection 12 3 4 6 10 15 20 26 30 35 40 



10 



Quart 8 

Ftrst attach and one relapse — Ouives showuig renctioiis to uifecting and ‘relapse’ 
spiiocliaetes reactions to two othci t} occnnmg svnullaneonsly 
with that of the ‘ i elapse ’ spiioohiete (Foim 3 in lehapse) 

Squirrel No 49955. 


Day of infection 1 2 3 4 5 


10 


Spirocliaetes 

Blood 


Scrum Titro 
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5 20 t C 

+ + +4- W 4p 

i 

A- 
B + 
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+f 

i 

A- 

B- 


20 



26 
. DILD 


First aitacL and one relapse — Cuives showing reactions to infecting and ‘relapse 
spirochoBtes reactions to tsvo other types (1) following first attack, (2) 
occurring simultaneously with relapse (Form 2 in first attack 
and Foini 3 in i elapse) 

Squirrel No 5880Z) 

Day of infection 1 2 3 4 5 10 
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Charts 10 to 18 

Showing the types of spirochwtc found in relapses arising fiom ‘ Pj,’ ' Po ’ 
and ‘ Hazro ’ shams and alsofiom difeicnt types isolated 
from second relapses 

In the following charts the tvpes of spirochtete found in relapses arising from the parent stem or in 
n succession of relapses are shown in diagrammatic form 

The vertical lines represent sub passages in the direct line carried out diinng the first attack the 
horizontal lines, the relapses arising from these 

The letters refer to the types of spiroohiete found 

The numerals refer to the number of generations the organism lias passed through smee its 
isolation from the human being 

Sub passages in which the type of spirochiete responsible for attacks or relapses has not been 
examined have been omitted 


Chart 8 

First attach and one relapse — Ciiives showing reni 
spirochteios lenctions to two othoi 

witli tliat of tlic ‘ 1 elapse ’ spnochojC 
Squirrel No 4.9955 
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Chart 9 

First attach and one relaqjse — Oiii ves sliowing reactions 1 > 
spiiochcBtes reactions to two otlici types (l)follo^\ 
occavnng simidfaneously ss ith. relapse (Poim 2 
and Foim 3 in lelapse) 

Squirrel No 58805 

Day of infection 12345 10 15 20 




Chart 12 

Shoiving (he types of spiiocliccte found tn 
relapses oecuning %n the Pungah 
strain ‘ Hazio ’ {‘ 0 ’ type) 
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Chart 13 

Showing Uic types of spirodojcte fomuP 
in a sueccssion of relapses originat- 
ing in type ‘ G ’ 
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Fintho Obseivaiions on Indian RelajJSing Fevet 


Chart 14 

Shoiving (he types of spirochasle found 
tn a succession of relapses 
ongimling in type ‘ D ’ 


Chart 15 

Shouing the iy2)es of spiioclieeie found m a succession 
of ) elapses originating in lyjie ‘E’ 
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Chart 16 

Showing the types of spirochccle found in a 
succession of relapses originating 
in type ‘ F ’ 
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Chart 17 

S/iowing the iyjics of sfirochcote found in a succession 
of rela2)ses originating in type ‘ G ' 
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Chart 18 Chart 19 

Showing the types of spirochcete found in a succession of Disliibulion curves showing lengths of first attacks in ( 1 ) types ‘ 
relapses in a senes of second relapse shams and ‘ B ’ and ( 2 ) type ‘ H ’ 
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Chart 20 

Shoivinq a change of tyve fwm type 
‘ C’ to type ‘ B ’ toilhoul the 
inlcrvenlion of a relapse 
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Chart 21 


Showing a succession of changes to other types from 
type ‘ C ’ in the couise of sub-passage 
can led on during the first attach 
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ClfAKT 22 

Showing change of type fwvi type ‘ I) ’ to type ' B ’ occimmg 
dunng the com sc of snb-passage dm ing the first attach 
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Chart 23 

Bhoiving a succession of changes font type' tnothe) types ocemnng 
dunng the course of sttb-passage dm tug the frsl attach 
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Chart 24 


Showing a succeshion of changes fiom type ‘G’ lo other types 
occuinng during the course of sub-passage 
dunng the first attach 
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Chart 25 


Shelving a succession of changes from ty2)C ‘ G’ to other types 
occurring dunng the course of sub-passage 
dunng the first attach 
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(4) Acetylation did not precipitate or inactivate oxytocin 

(5) The oxytocic lioimonc could not he extracted with ether in an alkaline 
medium 

(6) The oxytocic hormone was inactivated by hydrolysis with II2SO4 for ten 
minutes 

(7) The sodium phosphotun^state fiaction of tlie pitiiitaiy extract was practi- 
cally fiee fiom histamine as it was almost entirely inaetivated by treatment with 
2NNaOH foi one houi at room temperature 
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THE INFLUENCE OF ADRENALINE, PITUITARY EXTRACTS 
AND INSULIN ON THE MOVEMENTS OF THE INTESTINE 

BY 
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The influence of adrenaline, pituitar}'^ extracts and insulin on intestinal move- 
ments was studied in about 30 cats The drugs were either injected intravenously 
into chloralosed ammals or added to the bath of oxvgenated Locke’s fluid at 38°C 
in which excised segments were suspended The movements of the intact bowel 
were recorded by the balloon method and those of excised segments by Brodie’s 
levers attached by thread to the upper ends of the segments suspended in the bath 

Adrenaline — Adrenaline is said to cause generally, on injection into the body 
or when it is secreted in large amount in the bodj , inhibition of the intestinal move- 
ments and resembles sympathetic stimulation in its effects But there have been 
sporadic reports that adrenaline may have a motor effect on the intestine Salvioli 
(1902), Magnus (1903), Hoskins (1912), Sharpey-Schafer (1924, 1926), all reported 
excitatory effects Takeda (1930) showed that, after pilocarpine or physostigmine, 
adrenaline caused no relaxation Bernheim and Blockson (1932) observed that, 
after pilocarpine or physostigmine, adrenalme caused greater contraction m 
isolated strips followed after some time by slow relaxation Templeton and Lawson 
(1932) stated that data were accumulating to show that adrenalme stimulates 
not only the thoracico-lumbar but also the cranio-sacral apparatus 

In my experiments, adrenalme, Olcc or02cc oflin 1,000 solution given 
intravenously, or ^ c c to 1 c c of 1 m 1,000 solution added to the bath of 100 c c 
containing the excised segment, usually caused inhibition of the movements A 
previous dose of ergotoxine up to 10 mg had no influence on the inhibitory effect of 
adrenaline on the intact bowel, although it caused a reversal effect of adrenaline 
on blood-pressure Following a dose of pilocarpine (1 mg to 6 mg ), adrenaline 
caused only slowing of the contractions both m the intact bowel and m excised 
segments suspended m a bath In one animal, after vagal stimulation, adrenalme 
given intravenously caused a marked increase in tonus and prolonged powerful 
contraction of the bowel as shown m Fig 1 of the Graph Following histamine or 
barium chloride, adrenaline caused only the usual inhibitory effect 

These results show that, whenever there is increased parasympathetic tone 
following either vagal stimulation or admmistration of pilocarpme, adrenaline 

J, ME ( 161 ) 11 
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causes either increased tonus and contraction or has onij a sloTring effect The 
findings of Takeda, and Bernheim and Blockson are borne out by these results 

Stimulation of the splanchnics under similar conditions le, following ^agal 
stimulation or injection of pilocarpme, had also a slowmg and not a complete inliibi- 
toiy effect as shown in Figs 2 and 3 of tlie Graph Kurd Ichiko and Ishikawa 
(1931) reported that the greater splanchnic and the lumbar sympathetic tnink 
m dog or cat contain, besides, the well-known inhibitory fibres many eJccitatory 
fibres Barry (1932) also found that stimulation of one of the split branches of the 
great splanchnic caused increased activity with or without prehrmnary inhibition 
The absence of inhibition on stimulation of the splanchnic after vagal stimulation 
or injection of pilocarpine into the body may, tlierefore, be interpreted as due to 
the presence in the splanchnic of a varjmg number of excitatory fibres whose 
actmty, under conditions of increased parasympathetic tone, 'effectively coun- 
teracts the action of the inhibitory fibres 

Just as in the case of blood-vessels, adrenaline brings about vaso-dHatation 
when the vaso-constnctors are put out of action by ergotoxme, just as mthe pregnant 
condition of the uterus in some animals, adrenalme causes contraction mstead of 
inhibition owing to the activity of the excitatory fibres of the sympathetic supplying 
that organ, so also m the case of the intestme it is highly probable that adrenaline 
has no inhibitory effect or may even cause contraction ovmg to the activity of the 
excitatory fibres under conditions of increased parasympathetic tone It need 
not, therefore, be assumed, as done by Templeton and Lawson (1932), that adrena- 
line may stimulate both the cranio-sacral and the thoracico-Iumbar outflows 

Pitmtary ext) acts — As early as 1909, Blair BeU and Hick noted that extracts 
of the pituitary posterior lobe stimulated strips of muscle from the small mtestme 
Since then it has been generally held that pituitrm has a stimulatmg effect on the 
intestinal muscle and could be used to improve the tone of the bowel m cases 
of atony But reports that pituitrm is capable of producing inliibition of the 
intestinal movements have been made by Hoskms (1916), Shamoff (1916) and 
Degener (1922) Gruber and Robmson (1929) found m unamesthetized anmials that 
pituitrm caused senes of waves of contractions mterimttent with loss of tone 
Carlson (1930) found pitmtrin had a stimulatmg effect on the human mtestme but 
the effects were inconstant m dogs, a stmiulatmg effect bemg the exception 
Elmer et al (1930) found in the rabbit that oxytocm depressed the mtestme while 
vaso-pressm augmented the movements Quigley and Barnes (1930) found that all 
pituitary preparations mvariably produced mlubition of the gastro-mtestmal tract 
of dogs without any mdication of augmentation 

In my experiments on cats, pituitrm given mtravenously m doses varvmg 
from 1 to 10 units caused a primary transient augmentation followed by complete 
inhibition of the movements of the bowel BJien pituitrm was added to the bath 
containing the isolated bowel, there was definite inhibition sometimes preceded by 
a slight transient augmentation The active prmciple oxytocm (Pitocm of 
P D & Co ) 1 to 5 units given intravenously caused an augmentation lasting for 
more than a rmnute and then mhibition, while vaso-pressm (Pitressm of P H & Co ) 
caused a primarj’’ augmentation similar to that caused by pituitrm followed by 
gradual inhibition The effects of the active prmciples on the isolated hovel verc 
also similar 
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Ifc IS concluded from these observations that pituitiin and its active prmciples 
have an initial augmentative eftect on the bowel of cat followed by sudden or gradual 
inhibition The primary augmentation is more prolonged with oxytocin The 
effects of pituitary extracts on the bowel seem to vary in different animals but, m 
general, it may be said that the extracts cannot be effective intestmal stimulants, 
in as much as inhibition sets in suddenly or gradually after the augmentation if 
there is any 

Insulin — The results of insulin admimstration, m my experiments on chlora- 
losed cats, corroborated the findings of Quiglev and Solomon (1929) in man and 
those of Quigley and Barnes (1930) in dogs Insulin in doses of 1 to 6 units given to 
starved animals or 6 to 25 umts given to animals that were not starved had a stimu- 
lating effect on the movements of the bowel ^^^len the vagi were severed during 
the period of insulin excitation, there was sudden inhibition due to the loss of vagal 
tone but the movements soon reappeared and a further dose of msulin had agam a 
stimulating effect Atropine 3 mg given intravenously caused complete inhibition 
of the insulin movements but with a further dose of insulm (10 umts) contractions 
reappeared after a delay of one minute as in Big 4 of the Graph Glucose given 
intravenously in one dose of 0 2 g or sometimes m 2 or 3 doses of 0 2 g each mhibited 
tlie insulin movements as m Fig 6 of the Graph and a further dose of insuhn had no 
effect 

These experimental data show that insulin acts on the intestinal muscle 
indirectly by lowering the sugar content of the blood and not by direct action on the 
vagal centre or on the vagal endings Insulm had no effect on the isolated bowel 
suspended in a bath of oxygenated Locke’s fluid at SS'C 


Summary 

1 The findings of Takeda (1930) and of Bernheim and Blockson (1932) 
regarding the excitatory effects of adrenaline under conditions of increased 
paras 5 Tnpathetic tone are confirmed The excitatory effects under such 
conditions aie considered to be due to the influence of the excitatory fibres of 
the sympathetic found by Kur6, Ichiko and Ishikawa (1931) and by Barry 
(1933) 

2 It IS found that pituitrin and its active piinciples have an initial augmen- 
tative effect followed by sudden or gradual inhibition, on the bowel of the cat, 
and experimental evidence is quoted to show that the effects vary in different 
animals 

3 The effects of msulin on the bowel found by Quigley and Solomon (1929) 
in man and Quigley and Barnes (1930) in dogs are confirmed m cats It is found 
that insulin stimulates the bowel indirectly by lowering the sugar content of 
blood 
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Recently several attempts have been made to utilize the narcotine, vhich is 
obtained m consideiable quantities as a by-product in the manufacture of morphine 
from Indian opium, by the preparation of such derivatives as might have anti- 
malarial and anti-pyretic properties The pharmacological action and toxicity of 
one of these derivatives, anhydrocotarnine-fesorcinol (Liebermann and Glaive, 1904) 
originally prepared by Liebermann, have been carefully studied by Grewal, Kochhar 
and Ray (1933) under the name of 2' 4'-dihydroxyphenyl-hydrocotarnine hydro- 
chloride, and also by Chopra, Mukherji and Campbell (1933) under the original name 
given by Liebermann, but both these groups of workers have found the drug to be 
devoid of any prophylactic or curative action whatever either in malarial or other 
fevers 

The well-known physiological activities of carbamide derivatives led ns to 
investigate the reaction between urea and narcotme as well as cotarnine, the resulting 
compounds being expected to develop important medicinal properties Though our 
expectations have not been fully realized, certain interesting results have been 
obtained which are described m the present commumcation 

The action of urea on narcotme at high temperatures has been studied by von 
G Frerichs (1903) Repetition of his work under several different conditions led to 

( 165 ) 
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tlie isolation of [a colourless crystalline substance melting at a temperature of 
102°C , tbe yield of the product was, however, very poor, rarely exceeding 10 per 
cent of the weight of the narcotiue employed It is proposed to undertake a 
detailed examina tion of the pharmacological action of this comjiound as soon as 
its stiucture has been determined with certainty and the yield of the product 
materially improved 

The reaction between urea and cotarnme takes place smoothly and quantita- 
tively, the product crj^stallumg in colourless rectangular prisms melting at 
182°C Ifrom its analyses and general properties, the substance, uhich has been 
named ‘ Auliydi ocotarnine-carhmmde \ may be assigned either of the two following 
structures ’ — 


CH, 



O Me CH 
I 

NH CO NHg 
‘A’ 


CH, 



OMe CH 


"n CO NH^ 
‘B’ 


The formula ‘ A ’ brmgs it into Ime with the constitutions proposed^for other 
similar derivatives of cotarnine^and is, therefoie,!^ to be preferred to ‘ B notwith- 
standmg the rather unstable character of this derivative and the ease with which it 
breaks up into its components on heating its solutions It may be mentioned that, 
as far as can be ascertained, the only reference to a compound of cotaimne and uiea 
is to be found in a German patent of Knoll & Co (1911) but no details are given 
therein with regard to its preparation and properties 

Pieparahon and pnoperhes of anh-ydi ocotarmne-carhannde — Pure cotamine 
(10 grammes) is dissolved in absolute alcohol (60 c c ) by warmmg, and a solution of 
urea (2 S grammes) in the same solvent (50 c c ) added, and the clear mixture heated 
in a half litre round-bottomed flask on the water-bath to a temperature not 
exceeding 45°C for half an hour On cooling, the urea derivative sepaiated almost 
immediately as colourless prismatic crystals which were collected after two hours, 
washed twice with cold alcohol (20 c c ) to remove any unchanged cotarnme, dried 
in a vacuum over sulphuric acid and weighed The compound prepared in this 
way formed pure white crystals weighing 11 grammes approximately It changed 
colour at 160°C , and melted sharply at 182°C The followmg results were obtained 
from combustion — 

0 1736 giamme gave 0 3516 gramme of CO 2 and 0 1010 gramme of SnO 
Found C, 55 3 per cent , H, 6 3 per cent , 

^^isHivO^Ns rcqmies C, 55 9 pei cent , H, 6 1 pei cent 
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Tlie alcoliolic filtrate from tlie crystals was concentrated but no further crops 
of crystallme material were obtained^ showing that the precipitation had been 
almost quantitative 

The substance is insoluble in cold alcohol, ether and benzene It dissolves very 
spaimgly in cold water but more readily in hot water and hot alcohol The latter 
solvents could not be used, however, for recrystalhzation as the compound underwent 
considerable decomposition during the process of heatmg the solutions It dissolves 
mstantly in cold dilute hydrochloric acid to a pale yellow solution and was recovered 
unchanged on basification after an hour with cold dilute caustic soda The precipi- 
tation did not, howevei, occur immediately, but slowly the solution turned milky 
and then crystals of the original substance (M P 182°C ) separated out W'hen an 
aqueous solution of the compound was heated it became turbid due to the formation 
of free cotarnme which was identified as the picrate (fine needles, M P 143°C ) 
A cold aqueous solution of the substance is found to have a pH rangmg between 7 6 
and 7 8, 1 e , it IS definitely alkaline. 

Pharmacological action 

External action — The action of the drug on bacteria was studied by the Eideal- 
Walker method This was kmdly done for us at the Kmg Institute, Guindy, by the 
courtesy of the Director, Lieut -Colonel H H King, i m s The phenol-coefficient 
was found to be 4, showmg that anhydrocotarnine-urea has some antiseptic value 
No irritant action is noticed on the skm or mucous membrane A five per cent 
solution dropped mto the eve of a rabbit does not produce aneesthesia Subcuta- 
neous injection does not set up any marked congestion, oedema or necrosis of the 
tissues 

On the alimentary system — Anhydrocotaruine-urea interferes with peptic 
digestion in vitro m concentrations of 1 m 5,000 and more In greater dilutions no 
appreciable effect is seen Injections of 2 mg to 10 mg cause increased motihty 
of both stomach and mtestmes of anaesthetized cats (Graph, fig c) The stomach 
movements were recorded by means of the balloon method, the balloon at the end 
of a rubber-catheter being mtroduced through the mouth The movements of the 
gut were recorded by means of Jackson’s enterograph The tone of the mtestmes is 
greatly increased but the effect is not lasting Vagal division does not influence this 
result but after atropmization no more stimulation occurs, showmg that the drug 
stimulates the parasympathetic nerve-endmgs m the gut Cotarnme also acts 
similarly But narcotme produces only inhibition 

On circulation — Intravenous injections of 2 mg or more to anaesthetized cats 
cause a transient fall of blood-pressure This fall occurs even after vagal division 
and atropmization and also in decerebrated animals The volumes of the spleen 
and mtestmes are markedly increased {mde Graph, figs a and 6) The kidney 
volume and that of the hmd leg show a definite decrease Perfusion of the blood 
vessels of a pithed frog shows a quickenmg in the rate of outflow through the inferior 
vena cava lastmg for about 2 mmutes Myocardiograph records on ansesthetized 
cats show a definite stimulation of the auricles with doses of 5 mg This effect is 
abohshed after paralysis of the vagal nerve-termmations with atropine The 
apparent stimulation of the auricle is, therefore, ascribable to the depression of the 
vagal nerve-endmgs m the auricle This effect is similar to that of some of the 
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cincliona alkaloids On the ventricle the efitcct is inconstant Sometimes a stim- 
ulation is noticed ■which is absent in otlier cases On the isolated kitten’s heart no 
stimulation is observed Dilutions of 1 m 100,000 produce no effect 'while 1 in 10,000 
tend to slow and steady the heart-beats Higher concentrations slow and depress 
the heart Dilutions of 1 in 12,000 cause a temporary depression of tbe isolated 
frog’s heart Bigger doses increase the depression 

The drug, therefore, appears to have no marked effect on the heart, only 
depressing the vagus somewhat wuth smaller doses A total of about 60 mg 
produced no appreciable depression of the heart in intact animals The fall of 
blood-pressure seems to be mainly due to the dilatation of the blood vessels of the 
splanchnic area 

When an intravenous injection of adrenaline is given to anesthetized 
cats subsequent to a similar injection of anliydrocotarnine-caibamide, it is 
mvanably noticed that the normal blood-pressure curve of adrenaline is 
completely changed Instead of a sharp rise and a rapid fall to the normal, 
the rise of blood-pressnre is sustained for a much longer period In figs e, /, 
and g of the Graph it is observed that instead of recovery occurring in 
minutes, the rise of blood-pressure is continued beyond 3^ minutes In 
some cases this effect lasted for even 6 minutes "When injection of both 
adrenaline and the drug is given together a similar phenomenon is noticed but 
the rise is not so high as when adrenaline alone is injected This appears to he 
an example of synergism, the mode of action of which is not clear to us 
SoUmann states that the action of adrenaline is altered by conditions including 
other drugs and the changes are often more than additive The modification of 
the blood-pressure reactions is said to be especially characteiistic Cotarnme- 
hydrochloride also is seen to act sunilarlj'^ 

On respiration — Intravenous injection of this compound to ansesthetized cats 
invariably produces spasmodic breathing, in some cases leading to asphyxia In 
both cases the movements are exaggerated, which might mean either a stimulation 
of respiration or spasmodic breathing caused by bronchial constriction In certain 
other cases the movements became very shallow until asphyxia developed, perhaps 
due to a central depression In order to make sure of the exact mode of action, lung 
volume was recorded m spinal animals Instead of the plethy^smograph described 
by Jackson which we found to be too large for our cats, we used a glass-cardiometer 
An openmg was made mto the chest of a spinal cat large enough to admit the circular 
rim of the caidiometer The chest cavity was made airtight by suitable sutures 
A T-shaped cannula was connected to the cardiometer One limb of this cannula 
was led by means of pressure-tubing to a volume recorder To the other limb a 
short piece of rubber-tubing with a clamp on, was attached to serve as a by-pass 
Artificial respiration was given through the tracheal cannula Changes in the 
calibre of the bronchi induced alteration in the expansion of the lungs which was 
transmitted to the volume recorder An increase in the amplitude meant bronchial 
dilatation and a decrease, constriction In this manner it was found that anhy- 
drocotarnine-carbamide causes a defimte contraction of the bronchial muscle 
Hence, the spasmodic breathing and asphyxia caused by the drug is due to bronchial 
constriction by peripheral action, in addition to a direct depression of the respira- 
tory centre 



Graph 
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On the central nertons eyslem — Injections of the drug were given into the 
lymph sac of fiogs Ten mg and more first cause sluggishness of movements 
followed later by narcosis The postural reflex is lost before narcosis is produced 
The narcosis is so deep that the animal is insensitive to skin incisions Respiration 
stops quite early although the heart functions foi horns afterwards As high a dose 
as 1 g per kilo of body-weight did not cause death or stoppage of the heart 
Frogs appear to be particularly resistant to this drug Subcutaneous injections of 
300 mg per kilo induced no narcosis in rabbits nor was there any excitement 
Tw'o hundred and fifty mg given to a cat had no appreciable effect 

On peripheral nerves — A five per cent solution of the drug causes a block m the 
conduction of motor impulses along the nerve of a muscle-nerve preparation ^Yhen 
the muscle is bathed in the solution it did not respond to stimulation of the nerve 
although direct stimulition of the muscle elicited the noimal contiaction, showing 
that the nerve-endings are also paralysed An mcreased irritability of the nerve is 
always noticed in the earlier stages 

On uterus — Intravenous injections of 5 mg to amesthetized cats lead to an 
increased tone of the uterine muscle as recorded by Jackson’s enterograph This 
effect IS temporary and comes on after a delay of 2 to 21 minutes A dilution as 
high as 1 m 200,000 causes an mcrease in the tone of the isolated iiteius of a guinea- 
pig With 1 in 100,000 dilution the tone is markedly increased but this effect is 
not permanent (Graph, fig d) A subcutaneous mjection of 250 mg was given 
to a cat in an advanced stage of pregnancy but nothing happened 

On temperature — Killiani’s method was followed to ascertain if this diug has 
any anti-pyretic action A dead emulsion of B coh prepared according to directions 
was given to raise the temperature m rabbits Doses rangmg from 50 mg to 
300 mg per kilo were given but had no effect m reducing the fever 

Toxicity — The minimal lethal dose in rats when given subcutaneously is 
approximately 300 mg per kilo In fatal doses irregular breathing, and excitement 
towards the end, culminating in asphyxia and death are noticed 


Summary and conclusions 

Anhydrocotarnine-carbanude forms pure white prisms melting at 182°C It is a 
monacid base dissolvmg m cold dilute acids without any decomposition Its solu- 
tions, however, decompose on heating into cotainine which can be easily recognized 

The pharmacological action of this compound has been studied 

Anhydrocotarnme-carbamide has a mild antiseptic action Its phenol-coefiS- 
cient IS 4 It causes incoordination and narcosis in frogs The respiration stops 
early but the heart continues to w ork for a long time It has an action on peripheral 
nerves, causing nerve block and paralysis of the motor end-plates No sensory 
paralysis is noticed 

It depresses the circulation, mainly by dilatation of splanchnic vessels The 
cardiac action is not very pronounced 

Plain muscles of the intestines, the bronchi and the uterus are markedly 
stimulated ^ 



1 70 Anhydi ocotai mne-Cai hamide. 

No anti-pyretic action follows when the drug is injected subcutaneously into 
fevered rabbits 

The minimum lethal dose of the drug to rats is about 300 mg per kilo 

^ATien admimstered with adrenaline or when the latter is given subsequent to 
this drug a synergistic action of the blood-pressure is observed 
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Introduction 

In a previous paper (Cbopra, Cbaudbuiy and Rao, 19B0) it has been shown 
that the surface tension and bufier action of filanasis blood sera are somewhat 
diminished, while the density and the viscosity are not changed at aU, in comparison 
with those of the blood sera of normal persons Smee there is a change in some of 
the physical properties, it is to be expected that there is also a variation in the 
composition of the blood Boyd and Roy (1930) have reported a distinct increase 
in the cholesterol content in the blood serum of filariasis patients Stenhouse 
(1925) also observed a superabundance of this lipoid body in the fresh lymph from 
filarial patients But there is no information as to the increase or decrease of 
individual protem fractions or of the total proteins in the blood serum from such 
cases 

The present work was, therefore, undertaken to obtain this information and to 
correlate it, if possible, with other physical properties observed in such cases 

Experimental procedure 

(o) Estimation oj the proteins and the globulin to albumin ratio — ^The method used by us was 
essentially the micro refraotometno method of Robertson (1915) as has been used by Tanous mvesti 
gators for this purpose (Rowe, 1917 , Righetti, 1916 , Hurwitz and Meyer, 1916 , Schmidt 1917 
Easdico, 1926 , etc ) Estimations were made with the help of a Dippmg Refractometer (Zeiss) inth 

( 171 ) 
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the au'^ihary prism and the mctnl-bcahcr arrangement, since the sera available vcrc always too fimall 
for the glass beakers used with this apjiaratus 

A saturated solution of ammonium sulphate at 21 5°C containing S3 5 g of ammonium sulphate 
per 100 c c of the solution avas used ns the precipitating clcctrolj Ic throughout the course of the espen 
ments This temperature aans chosen since the uork had to bc'carricd out in part at that temperature 
and solutions saturated at a higher temperature u oiild on cooling release the excess of the salt A sample 
of 33 per cent and another of 25 per cent saturated solution of ammonium sulphate uere prepared from 
this and u ere kept as stock solutions Refrnctn o indices of these solutions u ere determined at different 
temperatures and the values represented in cuncs, from uliich bj extrapolation, the refractive mdices 
at any temperature for these solutions could be obtained Similarlj a 0 02 N acetic acid vas prepared 
from a sample of 0 04 N n^id and its rcfractuc indices extrapolated for different temperatures 

Experiments uerc performed at the room temperatures uliich varied from 22'’C to 26'’C The 
fraction precipitated by 50 per cent saturation is taken ns the total globulin, uhile the amount separated 
out vnth 33 per cent saturation is regarded ns the cuglobuhn fraction and the difference betveen the 
percentages of these two is the percentage of the pscudoglohulin 

The protem fractions in blood sera ucrc determined after these prehmir.arj^ operations Special 
precautions were used to clean all test tubes, pipettes, etc , v ith potassium dichromate sulphuric acid 
mixture before each experiment, and the data so obtained are reproducible within the limits of expen 
mental errors as pointed out bj' Robertson, as 11111 be ciidcnt from Table I m uhich are shown t«o 
results obtained under identical conditions uifh the same normal serum — 


Table I 


Nature of serum 

Total proteins, 
g per cent * 

Albumin, g 
per cent* 

Pseudoglo- 
buhn, g 
per cent * 

Euglobubn, g 
per cent* 

Globulin 

albumiu 

ratio 

Acute filanal lymphan f 

8 97 

4 68 

3 89 

0 40 

0 920 

gitis 1 

8 99 

4 62 

3 99 

0 38 

0 922 

( 

7 62 

4 70 

2 70 

0 22 

0 621 

Normal human serum | 

[ 

7 61 

4 65 

2 72 

0 23 

0 635 

f 

7 46 

4 56 

2 69 

0 20 

0 634 

Normal human serum j 

7 31 

4 66 

2 65 

0 15 

0 620 


* g per cent sigmfies the number of grammes per 100 c c of serum 


(6) Surface tension was determined by the du Nouy’s apparatus in the way indicated by Chopia 
and Ghaudhury (1928) Care was taken to determine the true static surface tension and for this reason 
the readmgs were alwa}'s taken where tlie string separated from the serum in 20 minutes time 

(c) Relative viscosity was measured bj' means of a micro viscosimeter of the Ostwald tjpe The 
apparatus was thoroughly cleansed by potassium dichromate sulphunc acid mixture before investiga 
tion of each serum 


Results and discussion 

Our work on normal cases uhick have been collected for comparison with the 
corresponding data for filartasis blood sera, constitute Part A of the presen 
paper 

Data for filariasis cases have been incorporated m Fail B 


R N C/ioj))a, S N MuJJmjee and S Sunda'} Rao 


173 


Part A. 

Llo 3 d and Paul (1928,1929) m connootion mth their work inth kala azar cases have determined 
the different protein fractions as ivell ns the globulin to albumin ratio for normal Indian blood sera 
But m the t\i o papers in mIucIi their results wore published wo find two different average values for the 
globulin to nlhuinin ratio, the actual values being 0 662 and 0 638 respectively Linder, Lundsgaard 
and van Sl\ko (1921) working with a different chemical method obtained 0 635 as the ratio for the 
average normal European In the literature, however, one can find different values for normal 
Europeans recorded tiy different ini cstigators tor this reason we thought it advisable to determine 
for ourholvcs these figures for normal Indians The results are given in Table II Surface tension, 
relative viscosity, pH and buffer action for some of these cases have been incidentally determined 
and they are found to be in agreement with those published in previous papers by Chopra and 
Chaudhurv 

From Table 11 it w ill bo ov ident that for normal Indians the globuhn to albumin ratio varies from 
0 588 to 0 643, the average of the eleven cases observed being 0 611 The percentages of albumin 
vary from 4 30 g to 4 98 g per 100 c o of serum, the average beuig 4 61 g , while the pseudoglobulin 
and euglobulin vary from 2 40 g to 2 80 g and 0 13 g to 0 27 g per 100 c c respectivelv The total 
proteins, however, vary from 6 94 g to 7 99 g the average being 7 44 g These are in agreement with 
such data given by Lloyd and Paul (1928,1929) within the limits of experimental error — 


Table II 


Serum fwm nounal Indians 


Number 

Total proteins 
in g per cent ♦ 

Albumin in g 
per cent * 

Pseudoglobubn 
in g per cent * 

Euglobulin in 
g per cent * 

Globulin 

albumin 

ratio 

1 

7 99 

4 98 

2 80 

0 21 

0 601 

1 2 

6 95 

4 30 

2 40 

0 25 

0 603 

3 

7 62 

4 70 

2 70 

0 22 

0 622 

4 

7 54 

4 60 

2 71 

0 14 

0 601 

5 

7 07 

4 33 

2 61 

0 13 

0 630 


7 65 

4 80 

2 71 

0 14 

0 691 

■7 

7 86 

4:70 

2 91 

0 25 

0 643 

8 

7 10 

4 50 

2 43 

0 27 

0 600 

9 

7 73 

4 87 

2 67 

0 19 

0 588 

10 

7 45 

4 56 

2 69 

0 20 

0 634 

11 

6 94 

4 30 

2 50 

014 

0 613 

Average 

7 44 

4 61 

2 65 

0 18 

0 611 


♦ g per cent signifies the number of grammes per 100 c c of serum 
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viBOosity , surface tension, pH and buffer notion of 1 to 6 of the above cases are eiven in 
tUo following table — ^ 

Table III 


Senm from noimal Indians 


Number 

Relative 

viscosity 

Surface 
tension 
in djnes 

pH* 

Buitek action 

0 6 c c Borum and 
04 cc OOINHCI 

0 4 c 0 serum and 
OGct OOINHCI 

1 

171 

69 0 

7 63 

7 21 

6 87 

2 

167 

G2 0 

7 22 

6 98 

6 88 

3 

1 63 

60 4 

7 64 

7 13 

6 83 

4 

ICO 

68 7 

7 64 

7 13 

6 83 

6 

166 

60 4 

7 69 

7 29 

6 97 

Average 

1 60 

1 

60 1 

7 48 

7 14 

6 88 


* The pH was calculated from the EM P of the chain Hg /HgjCli, sat KCl/sat KCl/ 
hydroquiuhydrone in serum/Pt 


The euglobulin among the different fractions shows the greatest variations, 
the value being in some cases 100 per cent greater than in others, while the average 
Value 0 18 is very near to those determined by different investigators It is evident 
from the above table that the mdividual fractions and the total proteins exhibit a 
much greater variation than the globulin albumin ratio, which is more or less 
constant within certain limits, while the variations in the euglobulm fiactions are 
the most prominent Excepting the euglobulm fraction, the variations m other 
fractions including the globulin albumin ratio as found by us can be accounted 
for as due to the individual variations in different human beings * 

From the literature it is evident that many investigators have carried out 
their experiments on precipitation and estimation of refractive indices at their 
room temperature which of course varies in different countries Here in India the 
room temperature varies very widely in different seasons but in any particular 
season it is found to vary within 2 to 4 degrees at a fixed tune of the day In order, 
therefore, to find out whether the values for the different protein fraction® as well as 
for the globulm albumin ratio as determined by different investigators are appre- 
ciably influenced by factors such as (a) temperature, (&) concentration of the 
precipitating electrolyte and (c) other actual experimental conditions, we incidentally 
performed a few experiments in that direction It is, however, to be expected that 

* Salvesen (1926) from 42 determinations m 32 normal men and women showed an average of 
total proteins in blood plasma to be 7 0 per cent with vanations between 6 34 to 7 96 Eepeated 
determinations m the same individual, however, show considerable vanations m the total proteins 
as well as albumin globulm ratio (average 1 62, minimum 1 26 and maxunum 2 0) which corresponds 
to a albumin globulin ratio of an average of 0 617, maximum 0 793 and minimum 0 500 














R N Chop) a, 8 N MulJiojee and 8 8undar Rao 


175 


tliese factors sliould not liave any great effect upon lyophillic coUoids like tke protein 
solutions but our object is to find out i\betber tlie changes caused by these factors 
fall within the limits of individual variations ^\ e do not claun that our work in 
this direction has been thorough and exhaustive but the few cases that we studied, 
at least, indicate the direction and magnitude of these variations in normal cases 
(u) Temperaturi' — In order to ascertain -whether this brings about any difference in the data 
obtained m such e\periraents wo determined by the above method the proteins of the sample of serum 
at two -widely different temperatures, -m , and 12 6°C the results of -which are given in the table 
below The globuhn to albumin ratio shows a small difference — 


Table IV 


Senm from normal Indians 


Temperature in 
degrees G 

Total protems, 
g per cent * 

Albumin, g 
per cent* 

Globuhn, g 
per cent ♦ 

Euglobuhn, g 
per cent * 

Globulin 

albumm 

ratio 

29 

8 32 

6 26 

2 99 

0 23 

0 620 

12 5 

8 32 

6 36 

2 66 

0 30 

0 632 


* g per cent signifies the number of grammes per 100 c c of serum 


The mfluenoe of temnerature is thus seen to be considerable for the range of temperature studied 
The temperature coefiScient, however, seems to be very small and hence it is to be expected that a 
small difference of temperature of 2°C to 4'’C would have no appreciable influence on the results 
obtamed, while a larger difference is likely to bnng about a comparativelv -wider variation in the 
results 

(h) Goncentration oj lh& precipitating electrolyte — ^The temperature influences the concentration 
of the precipitating electrolyte since in these experiments a saturated solution of ammonium sulphate 
IS generally used, but tins can be avoided by using a defimte concentration of the electrolyte throughout 
We however, examined the influence of the concentration of the precipitating electrolyte (viz , 
ammonium sulphate) by treating two different samples of sera with varying degrees of saturation with 
ammomum sulphate and determined the amount of protems that still romamed in the solution after 
eaeh precipitation The data so obtamed are plotted in Curves I end II In Carve I the concentration 
was varied from 20 to 55 per cent of saturation with ammomum sulphate, while in Curve II it was 
varied from 20 to 70 per cent In both of them the run of the curves is similar for the stretch of the 
curves which is common In both the cases we find that -withm 30 to 40 per cent of saturation, the 
curves have a small slope, while beyond 40 per cent the run of the curves is evidently different being 
steeper than the previous portion It is quite probable that the curves beyond 40 per cent represent 
the precipitation of a different protein fraction The region between 30 and 40 per cent may be due to 
the constituent euglobuhn But possibly pure euglobulin seldom comes out under such circumstances as 
the zones of precipitation in the case of protein solutions, as is well kno-wn, are not sharp, m consequence 
of which the precipitate may be found oontammated with some pseudoglobulin as well 

Beyond 45 per cent saturation -with ammomum sulphate. Curve II agam runs steeper stiU up to 
60 per cent and then becomes flat agam This latter part of the curve may be regarded as the transi 
tional portion wherein the pseudoglobuhn is separated out together -with the albumm The curve, 
however, is not perfectly horizontal in this region as it ought to be in such oases but a little sloping 
showing thereby that all the globulins have not been precipitated at 50 per cent saturation and a 
part of this remains behind and is precipitated up to 60 per cent saturation, from where a steeper 
part indicates the separation df a different fraction The slope of this region between 50 and 
60 per cent saturation corroborates also the observations of previous workers in this Ime that this 
region is not entirely free from precipitation as has been suggested by Hofmeister (1888) This can 
also be demonstrated by adding a drop or two of saturated ammomum sulphate solution to a definite 
portion of the clear centrifugate obtamed after treatment with these percentages of saturation -with 
ammonium sulphate when a slight turbidity appears in each case which is very promment -with 
45 per-cent saturation and comparatively slight -with 56 per cent 
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The ciir\03 obtamoil bj us aro broadlj similar in nature to those obtained by Rusczsinsky (1924) 
who working with normal serum bv analj tioal methods obtained curves given in Curve III 

The sigmlioance ot those curves is oaidoiit They indicate that the precipitation regions of the 
different protein fractions aro overlapping one anothei due to which repeated fractionation Mnll be 
nocessarj to separate an\ of the fractions oomplctelj and in a comparatiaely pureetate (Haslam, 1905) 
Hence in the fractionation process as used in the micro refractometrio method the constituent protems 
seldom separate out completely and in a pure state iihich mav be found in one or two isolated cases 
only This ob\ lously introduces an er-or though small, winch vanes differently with different indivi 
duals according to the amount ot the total protein content in the serum 

(c) ChangM in the exp&nmc.ntal conrUtwns — In our investigations on the normal and filanasis 
blood sera we strictly followed the orthodox method of Robertson (1916) the onlj modification being 
that the amount ot euglobiiliii was determined not by treatment of the serum with carbon dioxide gas 
but by fractionating with 33 per cent saturation with ammonium sulphate But we studied the changes 
brought about in the method of precipitation in the following wavs — 

1 In Robertson’s method the proteins are alwajs piecipitated from serum by adding serum to 
ammonium sulphate and not by adding ammonium sulphate to serum, since in the latter case some 
albuminous bodies aro likely to come out, duo to which the results are irregular We thought it 
necessary to study this point since from the literature it is not clear what exact method of procedure is 
followed by different investigators so far as the above point is concerned The results for a few normal 
cases only have been given in the following table — 


Table V 


Serum f 'tom noimal Indians 


Number 

Tempera 
ture m 
degrees C 

J . 

Conditions of 
experiment * 

Total 
protein, g 
per cent -f 

1 

Albumin, 
g per 
cent t 

Total 
globulin, 
g per 
cent f 

Eiiglobulin, 
g per cent t 

Globulin 

albumin 

ratio 

1 ) 

1 

12 6 

1 

7 43 

4 87 

2 66 

0 29 

0 63 



2 


4 90 

2 53 

0 26 

0 62 

2 1 

12 6 

1 

6 71 

4 23 

2 47 

0 21 

0 68 

' 1 


2 


4 25 

2 46 

0 20 

0 66 

3 1 

17 5 

1 

7 80 

4 93 

2 87 

0 26 

0 68 



2 


4 98 

2 82 

0 24 

0 67 


* Condition 1 — Serum was added to ammomum sulphate 

„ 2 — Ammonium sulphate was added to the serum 

t g per cent signifies the number of grammes per 100 o c of serum 


It 13 evident that the differences as obtained in these oases are small and need not be taken into 
account in consideration of the variations observed in individual cases 

2 The next point we studied is given below In the refractometrio method for the estimation 
ot proteins we usually treat the serum with 60 per cent saturation with ammonium sulphate But 
the refractive index of the clear liquid obtained after the removal of the precipitates, w hich is supposed 
to contain the albumin and the non proteins of the serum, is not eompared with that of a 50 per cent 
saturated solution of ammomum sulphate for the determination of albumin thereof, because according 
to R,obert30n (1912) the protein solutions in 60 per eeiit saturated ammomum sulphate solution show 
abnormal refraotive indices Hence the clear solution so obtained is diluted twuce with water and the 
albumin calculated by a comparison with 25 per cent ammonium sulphate solution This latte 
procedure although followed by most of the investigators is not stnctly adhered to by many as appears 
J, ME -I o 
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from the literature For this reason wo studied this condition and the results so obtained have been 
given in the following table — 


Table VI 


Serum from normal persons 


Number 

Temperature 
in degrees C 

Albumin in 

O PFK CENT 

With -J saturated 
ammonium sulphate 

With } saturated 
ammonium sulphate 

1 

12 6 

6 88 

4 87 

2 

12 6 

4 65 

4 23 

3 

17 6 

6 46 

4 03 


Here the amounts obtained by those procedures differ very markedly The amounts calculated 
with 60 per cent saturated ammonium sulphate solution are always a little higher than in the other 
case It 13 quite clear from this that the values of globulin to albumin ratio calculated inth these 
different data for albumin will also differ Similar results have also been obtained with a few other 
samples of sera (not given here) and the data for albumin were consistently found greater m one case 
than in the other This fact must, therefore, be borne in mind when dealing with such cases 

3 The third point that we investigated in tlus connection was to determine whether m case 

of 33 per cent saturated ammonium sulphate solution there is any difference in the results obtaine 
by using the whole serum as a diluent for the saturated ammonium sulphate solution and those obtame 
by using a mixture of water and serum in equal volumes as a diluent for the saturated 
sulphate solution The reversibility of the process of the protein precipitations, 
expect no changes in the result, if the final conditions in both the cases are the same But ’ 
with water in the case of the whole serum especially in some pathological conditions like kaia a , 
etc , precipitates the euglobulin thereof Dilution bnngs about a diminution in the ^ 

the serum electrolytes and also changes the hydrogen ion concentration of the serum althougn 
very small extent These two factors have a precipitating influence upon the euglobulm presen 
the serum Our results are given m Table VII — 


Table VII 


Serum from normal Indians 




Euglobulin in g peb gent * 

Number 

Temperature 
in degrees C 

With whole serum 
as diluent 

With a mixture of 
serum and water in 
equal volume as 
diluent 

1 

12 6 

0 26 

0 29 

2 

12 5 

0 17 

0 21 

3 

17 5 

0 19 

0 20 


* g per cent sigmfiee the number of grammes m 100 c c of serum 


It 13 evident that results differ to a certain extent under the two conditions It is quite ^oly 
that in such oases of reversible precipitation there is some lag of time to attain eqmlibnum m t 
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Part B 

Protein fractions and tlie globulin albumin ratio were determined in the 
different conditions of filariasis, acute lymphangitis, and chyluria Kelative 
viscosity and surface tensions were also determined in these cases side by side 
The results are given in Table VIII — 

Table VIII 


Serum from filariasts blood 


u 

o 

a 

Nature of the case 

Total protein, 
per cent 

Albumin, g per 
cent 

Psoudoglobuhn, 
per cent 

Euglobulm, per 
cent 

Globuhn albu 
min ratio 

00 

a> 

1 

a 

H 

w 

o 

V 

<D 

1 

Acute fllanal lymphan 
gitis 

7 38 

3 98 

2 90 

0 50 

0 853 



2 

l» 

6 10 

3 40 

2 30 

0 40 

0 793 

62 3 

1 60 

3 


7 65 

4 30 

3 20 

0 15 

0 799 

60 9 

1 60 

4 

>) 

6 66 

3 89 

2 70 

0 19 

0 743 

60 6 

1 65 

5 

Elephantiasis and acute 
lymphangitis 

7 80 

4 40 

3 10 

0 30 

0 773 

67 3 

166 

6 

Lymphangitis (acute) 

9 06 

4 68 

3 98 

040 

0 936 

67 3 

160 

7 

ff 

8 69 

3 89 

4 60 

0 30 

1 230 

68 6 

1 50 

8 

ft 

8 50 

4 71 

3 23 

0 56 

0 804 

66 6 

170 

9 

ft 

6 00 

3 40 

190 

0 60 

0 735 

61 3 

140 

10 

ff 

7 00 

3 80 

2 70 

0 60 

0 842 

67 8 

1 65 

11 

f» 

8 40 

4 90 

3 26 

0 25 

0 714 

616 

146 

12 

ff 

9 08 

4 70 

4 03 

0 35 

0 931 

57 6 

167 

13* 

f f 

4 80 

2 00 

1 80 

100 

1 200 

68 1 

160 

14 

97 

7 12 

410 

2 95 

0 17 

0 736 

68 1 

157 

15 

♦ > 

7 15 

3 46 

3 45 

0 26 

1 072 

68 0 

i« 

16 


8 40 

6 10 

2 90 

0 40 

0 647 

67 3 

1 65 

17 

Chylun,a 

7 20 

3 50 

3 20 

0 60 

1060 

56 2 

1 63 

18 

ff 

5 30 

2 80 

2 02 

0 48 

0 892 



19 

ff 

8 23 

3 98 

4 27 

0 28 

1 124 

67 9 

166 


Per cent or g per cent signifies the number of grammes per 100 o o of serum 
* Hiemolysis took place to a considerable extent and hence the data are not rebable 
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Here wc find an increase in tlie globulin albumin ratio in all cases, the increase 
being sliglit in some cases and m.ukcd in others In less acute cases (from Nos 9 to 
16) we find the ratio lo A^ai}’- between 0 647 to 0 736, lAhereas in the acute cases of 
filaiial IjTiiphangitis and also \\hcic elephantiasis is associated with this, the ratio 
IS found to vaiy fiom 0 773 to 0 936 (Nos 1 to 8 ) the value being as much as 1 072 
in one case only In the three cases of chyluna studied herein, the ratio was found 
to be much greater varying from 0 892 to 1 124 In case No 16 which was reported 
to be recovering from the disease value of the ratio was 0 647, very near to the 
aveiage normal figure, viz , 0 611 

Total proteins were ivithm the normal range excepting two cases where the 
values ane as high as 9 06 and 9 08 respectively and two more cases w^here the values 
were considerably less than the normal figures (viz , 5 00 and 5 30) In all cases 
we observed a slight increase in tire amount of total globulin, the individual consti 
tuents, viz , pseudo- and englobulins exhibiting an increase in most of the cases, 
while m a very few the value is practically normal But whether such values are 
really normal in these individual cases cannot, however, be definitely ascertained 
for want of normal figures for the self-same persons The albumin fractions in most 
of the cases seem to be diminished to a certain extent The pseudoglobulms m 
the majority of the cases studied, showed an increase as compared wuth the 
normal figures But as regards the euglobulin fraction we find the range of its 
variation very wide from 0 15 to 0 60 per cent 

Gardner and Gainsborough (1927) have shown in cases of nephritis, especially 
of the parenchymatous type, that the blood cholesterol show's a definite increase 
and those protein fractions which are more associated with cholesterol, namely the 
globulins, especially the englobulins, also increase in such cases Hence the globulin 
to albumin ratio is altered in the corresponding direction In filariasis cases such 
correlation between the cholesterol and the euglobulin percentages does not seem 
to be impossible in view of the work of Boyd and R 03 ' [he cit ) on the cholesterol 
content of filarial blood sera and our data showing the increase of euglobulin in such 
cases 

But in the light of recent work of Schretter (1926) on the refractivities of 
albumin and globulin in pathological sera there appears considerable doubt as to 
whether the proteins in dififerent pathological sera are identical in them chemical 
nature and constitution Thus, euglobulm from kala-azar blood sera, as shown 
in previous papeis (Chopra and Chaudhuiy, 1929, 1932 , Chopra, Chaudhury 
and De, 1931), have properties and behaviour quite different from those of the 
euglobulin obtained from normal blood sera”and the probability of the existence 
of a new protein in such cases has been pointed out It is very likely that in a similar 
way the protem fractions under other pathological cases also may lose their identity 
as such and become converted into slightly different new proteins due to changes 
in their internal structures The problem, however, awaits a thorough chemical 
examination of the different proteins with respect to their constitution and properties, 
as well as a simultaneous estimation by the refractometric method Unless this is 
done it is not, a 'pnon, possible to discuss how these individual fractions really 
increase m such cases 

The viscosity determinations m these cases show, liowever, very little devia- 
tions from the normal {of Table VIII and also Chopra, Chaudhury and Eao, 1930) 
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^v hile tlie smface tension is slightly duninished It appears from the figures observed 
that both viscosity and surface tension depend not only upon the amount of the 
total proteins in solution but also upon the relative amounts of the individual frac- 
tious In almost all the filarial cases studied heiein we find a diminution in the 
percentages of albiimm while those of the euglobulin content increase to a ceitam 
extent Whether these two have got a compensating influence upon the viscosity 
or whether this is due to the change m any other blood constituents cannot be 
definitely ascertained until a thoiough exfimination of all the constituents be made 
in such cases 

Sumjiahy ajsid conclusions 

The protein fractions have been estimated foi normal seia under different 
conditions and it has been shown that different observers get different values for the 
globulin albumin ratio possibly due to the different conditions of experiment 
VIZ , temperature, concentration of the electiolyte and the actual conditions of 
precipitation 

following Robeitson’s method it has been found that the globulin to albumin 
ratio agrees faiily well with tliose obtained by Lloyd and Paul (1929) 

The total globulin, especially euglobulin, in filariasis patients increases while 
albumin deci eases to a certain extent in consequence of which the globulin to albumin 
ratio IS found to increase 

The physical properties such as surface tension, viscosity and buffer action 
of sera from filarial blood change verv little if at all "WTiat this is due to cannot 
be definitely ascertained, until all the serum constituents be determined in such 
cases 
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This plant belongs to tbe natural order Compositce and Js found tbrougbout 
India, from Kashmir to Ceylon It is a tall, robust, leafy annual with stems about 
2 to 3 feet long In Hindi it is known as Somraj, Bakchi, in Bengab Somrag, and in 
Sanskrit as Vakuchi or Somaraja The achenes (seeds), which are chiefly used m 
medicine, are about 3/16 inch long, of a dark-brown colour, covered with whitish 
scattered hairs, cylmdncal, tapering towards the base, marked with about 10 
longitudinal ridges, and crowned with a circle of short brown scales The taste is 
nauseous and bitter 

The seeds have been used m the treatment of leucoderma and psoriasis and are 
considered to have powerful anthelmintic properties, especially when combmed with 
other remedies (Dutt) An infusion made from 20 to 60 grains of powdered seeds is 
said to be an effective anthelmmtic agamst ascarids The drug has also been 
regarded as a valuable tome and stomachic, and diuretic properties are also assigned 
to it The seeds are given mternally m leprosy and form part of preparations such 
as pastes, oils, etc , used as external appbcations in leucoderma, psoriasis and 
other skin diseases In the Nighantas they are described as sweet, pungent, 
digestive, bitter, alterative, astringent, cold, dry and antiphlegmatic and are recom- 
mended for cough, fever and intestinal worms A decoction made from roots and 
leaves with couimss and butter milk is used in Malabar in diarrhoea and dysenterv 
In Travancore, the bruised seeds ground up m a paste are largely employed as'a 
means of destroymg pediculi They are also given mternally m anasarca and are 
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applied externally as plastei to abscesses The seeds arc considered in the Punjali 
to be a febrifuge 

Dymock, Warden and Hooper (1801) record the fo^lo^ving short description of the results of 
chemical analysis ' TUo alcoholic extract contains a large amount of an amber coloured oil soluble 
in petroleum ether, ns Moll as resins B\ ngitat'on of the alknlino alcoholic extract ■nith ether a 
somewhat bitter extract Mas obtained, Minch, besides containing resins, afforded evidence ol the 
presence of an alkaloid, which gave reactions Mith the usual nlkaloidal reagents, but which afforded 
no special colour reactions Wc ha\o proiisionnlly called this principle Vernomne ’ A more 
recent Mork (Kirtikar and Basil, 1918) gives the following description of the chemical examination 
of the oil ‘ The seeds on oxtiacfion Mith ether Yielded 18 25 per cent of a dark brown coloured and 
strong smelling oil M ith some resinous matter The expressed oil is of light jellow colour and very 
Viscid, it deposits “ (Stearin ’ on standing rhjsicnl and chemical characteustics of fat sp gr at 
100°0 0 9108 , acid value ‘iS 2 , saponification xnlue 202 88, Reichert Mcissl value 7 88, iodine 
value 710, butjro refrnctometcr at 25°C 75, fatlj acids 91 C per cent, melting point 35 6°C , 
iodine value 73 4, neiitralwation lalue 195 1 , mean molecular weight 287 4’ (A K Mcnon) 

No recent m ork appears to ha\ o been undertaken m ith a a icw to study its chemical composit'on 
and therapeutic action As the drug is largclj' used in Hindu medicine wc took up its study, the results 
of which arc recorded m this paper 


CurMIOAI. EXAMINATION 

The powdered seeds wcio extracted successively Mith petroleum ether, chloroform and alcohol, 
the solvents were removed, the residue dned and weighed Petroleum ether extracted 18 4 per cent , 
chloroform extracted 1 2 per cent and alcohol extracted 13 8 per cent of the m eight of the seeds Tin, 
petroleum ether extract consisted mainly of a fixed oil It also contained a very small amount of an 
essential oil as described later The chloroform extract was a gieemsh mass, containing all the bitter 
substance of the seeds It was soluble in alcohol but insoluble in ether and cold Mater It was very 
sparingly soluble in hot water, the solution being very bitter to taste It gave no reaction for alkaloids 
The alooholio oxtiaot was extracted with water and filtered The acid aqueous filtrate gave tests for 
tannins but not for alkaloids The residue consisted of resins and pblobaphenes 

For a more detailed examination, 3 lulos of the wholo seeds m ere exhausted with 90 per cent hot 
alcohol The alcohol was distilled off and the residue distiUed in steam The distillate Mas 
extracted with ether and the ethereal solution on evaporation gave 0 02 per cent of an essential oil 
The oil had a pleasant odour and a slight cooling, peppermint like taste and a portion crystalhzed out 
in needles The quantity obtained, however. Mas too small for further examination or identification 
The residue obtained after steam distillation Mas alloM'ed to cool Mhen it separated out into three 
layers, an upper oily layer, an aqueous solution and a soft resinous solid The oily layer was found 
to be the fixed oil already described The aqueous layer w as decanted off, the resin was washed se\ eral 
times with hot water and the Mashings added to the aqueous hquid The aqueous liquid which Mas 
acid in reaction was extracted m ith ether and the ether evapoiated off The residue gave reactions for 
tannins The aqueous solution was then made alkaline -with ammonia and shaken first with ether 
and then with chloroform Neither the ethereal extract nor the chloroform extract gave any 
appreciable residue and none gave any reactions for alkaloids The aqueous solution was next treated 
with neutral lead acetate The precipitate was filtered, m asliecl, suspended in M'ater and decomposed 
by HjS The filtrate thus obtained, freed from HjS, gave reactions for tannins The final filtrate 
from lead acetate precipitate gave nothuig of a definite nature 

The soft resinous matter was treated with petroleum ether to remo\ c any adhering fixed oil The 
solid residue consisted of some of the bitter substances, resins and pblobaphenes 

We found that a light yellow very bitter substance could be obtained from the seeds when they 
were rubbed with the hands On microscopic examination they appeared to he ymUow globular bodies 
mounted on minute hairs which cover the m hole surface of the ndges of the seeds This yclloM powder 
is very sparingly soluble in hot m ater and imparts to it a bitter taste and yellow coloration Alcohol 
dissolves the yellow substance completely leaving only the cellulose matter of the hairs, etc The 
alcoholic solution after evaporation leaves a yelloMnsh varnish like resinous body nearly completely 
soluble in chloroform and precipitated by petroleum ether In fact, it behaves exactly" like the bitter 
substance isolated from an alcoholic extract of the seeds Again, the hitter pnnciples can ho Mholly, 
if not entirely, dissolved out by rectified spint from the wliole seeds without crushing tlicra It, there- 
fore, appears that this substance is distnhuted mamly on the superficial glandular hairs found on the 
ridges of the seeds We have also obtained a good yield of the hitter substance from the dusts, etc , 
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^liioh tho dnig mcrcbant throws away during wrnmowing the seeds to separate them from adhering 
earthy matter, etc It is quito clear that since the activity of the drug mainlv depends on the hitter 
substance, ns observed by chmeal trials, much of the active pnnciple may thus he lost through careless 
handling of the seeds and it was also lonnd that fresh seeds in which these glandular hairs are rather 
elastic and pliable and w bich have not undergone much handling, are more bitter and hence efficacious 
than the older seeds in winch these hairs become very brittle through drying and hence hahle to he 
blown away bj rough handling 

Isolation and ptinf cation of the bitter substance — In order to isolate the hitter substance which is 
the main active constituent of the seeds, several kilograms of the seeds were extracted in a percolator 
111 tho cold with leotified spirit The alcohol was distilled off and the residue repeatedly extracted with 
cliloroform Tho chloroform extracts were filtered, concentrated end the bitter substance precipitated 
with petroleum ether The precipitate was dried and when powdered appeared as a greenish yellow 
powder Tho yield of tho crude bitter substance was about one per cent of the weight of the seeds 
It was further purified hj repeating tho process of extraction with drv chloroform, concentration and 
precipitation wath dry petroleum ether Tho bitter substance was finally obtamed as a bright yellow 
amorphous powder It melted with decomposition at about 9'i°C It contained no nitrogen or 
sulphur It was \ erv slightly soluble in ammonium carbonate solution (10 per cent), somewhat soluble 
in 10 per cent 'Na^GOj hut mote easily soluble in 10 pet eent NaOH or ICOH "Ftom its solution in 
alkali it was pireeipitatcd by HCl It w as soluble in glacial acetic acid The bitter substance thus 
appears to ho of the nature of resin acids 

Therajieutic properties — The diuretic as well as the antiseptic and stimnlant 
efiects of the seeds on the skin described in the Hindu medical literature are probably 
due to the small quantities of the essential oil and resms contained m the seeds , 
these, however, are not very marked The chief use of the seeds is as anthelmintic 
and these properties were carefully tested by us in a senes of patients Not only 
were the powdered seeds tried, but we also tested the anthelmintic activity of the 
purified bitter principle isolated as well as other relevant fractions obtained during 
the course of analysis 

The powdered seeds in doses varying from half to one drachm expelled ascans 
in a number of cases but their vermifugal action was not so certain as of the drugs 
like santonin Their action against ox 3 Tiris vermiculans was much more powerful, 
a large number of the worms being expelled after administration of the seeds 

That the bitter substance contained in the seeds is the active anthelmintic 
principle, is shown by the fact that in a series of 25 cases m which it was tried in the 
Carmichael Hospital for Tropical Diseases, it proved effective m expelling ascans in 
one patient and oxyuris in a large number of patients 

The purified bitter substance was given at bed time either alone or combined 
with 3 to 5 grams of calomel, followed the next morning by a dose of magnesium 
sulphate In 15 cases in this series in which oxjuris infection was diagnosed, 11 
passed adult worms with the combined treatment In some patients the drug had 
to be repeated 2 or 3 times before all the wonns could be expelled The drug is 
generally w dl tolerated and in only one patient in this series w^as vomiting produced, 
after its administration on two occasions The drug had no effect whatever on the 
hookworm and tapeworms It must be remembered that the oxjniris are easily 
expelled by such pmgative drugs as calomel and salts, but the number expelled 
when these were combined with Vernoma anthelmmtwa was considerably larger 
Besides this in a number of cases so treated, the admmistration of carbon tetra- 
chloride afterwards expelled very few and sometimes no worms at all showing that 
the drug w as effective Some of the patients were followed up and on examination 
a few months later were found to be free from the worms as well as from the 
symptoms produced by this infection 
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SuMMAHy AND CONCLUSIONS 

Tlie seeds of Vernoma antJielmmhca contain — 

(а) About 18 per cent of a fixed oil, (2) about 0 02 ^ per cent of an 

essential oil, (3) a bitter principle, and (4) resin, tannins, pbloba- 
pbenes, etc 

(б) Powdered seeds in doses of 30 to 60 grains have a weak vermifugal action 

against ascaris and a more powerful action agamst oxyuris The 
bitter substance isolated, in doses of 3 to 10 grains, has a weak 
vermifugal action against ascaiis and a decided action agamst oxyuris 
When combined with calomel and followed by magnesium sulphate 
the vermifugal action is consideiably enhanced 

(c) The drug has no action whatsoever agamst the hookworm and tape- 

worms 

(d) The anthelmintic properties of the drug against ascaris and even agamst 

oxyuris are weaker and m no way comparable with some of the other 
compounds now m the British Pharmacopceia. 
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Progkess in knowledge of human leprosy is exceedingly slow It is extremely 
doubtful whether a culture of M leprae has yet been obtained and theie is available 
no susceptible anunal for experimentation Many leprologists have, therefore, 
turned to a study of rat leprosy as a possible source of mdirect bght on the problem 
of human leprosy In this paper we make no attempt to undertake a thorough 
study of the subject We deal mainly with certain aspects of rat leprosy which 
have been investigated in the Leprosy Department of the School of Tropical 
Medicme, Calcutta, durmg the years 1932-1933 

A COMPAEISON BETWEEN HUMAN AND EAT LEPEOSY 

Both diseases are caused by acid-fast baedh belonging to the group Mycobactei la 
The two organisms are morphologically identical In both cases it is doubtful 
whether culture on artificial media has been accomplished The rat disease is 
probably transnutted from rat to rat by infection of wounds and abrasions, and the 
human disease is possibly transmitted m the same way In our experience, all 
rats are susceptible to rat leprosy, the injection of even small doses of baciUi being 
followed by the development of the disease in practically every case With human 
leprosy, however, there is considerable evidence to show that only a comparatively 
small proportion of human beings is susceptible and that children are more suscep- 
tible than adults 

In both diseases there is a long latent period before the disease becomes apparent 
In human beings this period varies from a few months to many years and often 
the infection does not produce clinical manifestations at all In the rat if the 
infectmg dose is small, the disease may never show itself outwardly, but only be 
detected at post-mortem examination after death from old age or intercurrent 
disease If the infecting dose of baciUi is large, death usually occurs from genera- 
lized rat leprosy between six months and a year after infection 
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>Sk(dies v}i JRat Leprosy. 

Human leprosy affects pimcipally the nerves, tlic skm, and the reticule 
eadothchal system Tint leprosv experimentally induced affects the skm at the site 
of injection and the nerves not at all, but principally the hmiphatic glands, the 
reticulo-endotJicIial system, and the internal organs, jiai ticularly the hm and 
spleen This matter is discussed more fully in the section on pathology. 

Bacteriology 

The relation hehvccn the tiio otgamsnis ]\I lepras and M lepras muris 

Maichoux and )Sorel (1913) considered that the two organisms have a relation- 
ship similai to that of the human and avian t}pes of M tuberculosis This seems a 
reasonable opinion, but it lias not been pioved Bayon (1914) considered the tiro 
organisms as closely related if not identical, and that rat's injected with human 
leprosy organisms sliowed the same lesions as tliose injected with rat-lcprosy orga- 
nisms '\\'allver and Sweeney (1929) considered that the two organisms are identical, 
but they quote no expeiimental evidence whatever in suppoit of this opinion 
Maichoux (1922) leported one case of a human being infected uith M. leprai mum 
The lesions weie different fiom those of ordinary human leprosy Laigret (1932) 
injected a leprosy patient with M lepioe muns with inconclusive results We 
have injected many rats with an emulsion of bacilli made freshly from nodules of 
cases of human lepiosy In not a single rat, even after many months, have we seen 
the development of the progressive systemic infection which is typical of rat lepiosy 
We have, it is true, found acid-fast bacilli in the tissues for twelve months after the 
injection, but this alone does not indicate the existence of rat lepiosy This leads 
us to a mattei which is of considerable importance and the lack of an understanding 
of which is leading to confusion in leprosy work 


The effect of injection of acid-fast bacilli into animals 

The injection of non-pathogenic acid-fast bacilli into rats produces the following 
effects There is a swelling at the site of injection and su ellmg of the neighbouring 
lymphatic gland , the bacilli eiitei the blood stream and aie deposited in the various 
organs of the body particularly the lungs, liver, spleen and lymphatic ghnds , here 
there is a cellulai response to the bacilli, which are mgested by phagocytic cells 
The bacilli gradually get fewer in number and finally disappear but often the bacilli 
can be detected foi six and even for twelve months after injection 

We have produced this effect in rats by injection of Hansen’s bacillus, 
Kfcdrowsky’s bacillus, Uchida’s bacillus, Cilento’s bacillus, and others Exactly 
the same effect can be pioduced by the injection of emulsions of acid-fast bacilli hilled 
by heat in an autoclave {see Plate XI, figs 1 and 2) This demonstrates clearly 
that after injection, the finding of a few bacilli in slightly granulomatous areas m 
the organs of the rat, does not prove that the organism injected is the organism 
of rat leprosy Similar results were reported by Frazer (1912, 1913 and 1914) and, 
as he pointed out, a misinterpretation of these findings is probably responsible 
for most of the reports of experimental transmission of human leprosy to animals 
The injection of the organisms of rat leprosy in reasonable quantity into a rat is 
follov ed in time in every case by the progressive development of generalized lesions, 
teeming with acid-fast bacilli when fully developed, and ultimately causing death 



John Lowe 


189 


Tins infection can be transmitted to rats in senes for an indefinite period Tins is 
the one and only criterion foi judging whether any bacillus is that of rat leprosy 
Our own strain of rat leprosy was obtained from one rat eight years ago, and 
since then hiindiods of rats have been infected in senes 

The cultivation of M leprte muris 

Though many workeis have attempted this, only a few have claimed success 
Dean (1*105) grew an acid-fast diphtheroid from rat-leprosy material on one occasion 
only Marchouv and Sorel (1913) repotted marked multiplication of bacilli in pieces 
of excised leprous gland embedded in culture media but failed to produce any 
subcultures The ‘ gland cultures ’ showed hlamentous forms and branching 
forms Marchoux and Soiel succeeded in getting some growth on the spleen of a 
rat sterilized by heating to 110°C and partially digested by trypsm, by inoculating 
it with material from a ‘ gland culture ’ The growth appeared within a few days 
and then ceased suddenly, and at the end of six weeks the bacilli were reported as 
granular and dead 

HoUmann (1912) obtained a culture by Clegg’s method but Currie and Holhnann 
(1913) reported failure to cultivate the orgamsm of rat lepiosy by ordinary methods 
and also by the method of Clegg They reported that as the result of many months’ 
work they had not secured a single culture of an orgamsm which they considered 
to be that of rat leprosy In one attempt they grew an aeid-fast streptothrix from 
an ulcerated lesion but considered it a contamination, as is very likely in such a 
lesion 

Bayon (1914) reported, ‘From the spleen of a rat injected with ground up 
lesions of a spontaneously affected rat, a white moist creamy growth was isolated 
which under the microscope showed itself to be a pleomorphie absolutely acid-fast 
rod mdistinguishable from the culture obtained from a leper This culture on 
injection into rats produced the identical visceral lesions which I have observed 
in rats injected with the virus from spontaneously infected anunals , these lesions 
are produced agam by an enormous quantity of acid-fast rods with little or no 
tissue reaction’ The medium used was fish-juice-agar Growth occurred in 
14 days 

Walker and Sweeney (1929) reported finding acid-fast bac lli in 37 of 74 rats 
examined and showing no gross lesions of rat leprosy They obtained cultures 
from 24 of these 37 rats on Musgrave and Clegg’s medium incubated at 22°C to 
25°C The orgamsms cultivated were plcomoiphic ‘ Idee those of human leprosy ’ 
Thev hold that the two organisms are identical, that human and rat leprosy are the 
same disease and that both are due to a soil actinomyces No report is made of 
animal inoculations with the culture The findings of Bavon and of Walker and 
Sweeney have not been verified by any other ■workers as far as we know Most 
other workers report absolute failure to cultivate the orgamsm , in this laboratory 
attempts to obtam cultures by the method of Walker and Sweeney have given 
absolutely negative results 

Qchida (1923) isolated from rats five strains of acid-fast organisms Thanks to 
the kindness of Dr M Nagayo, Director of the Government Institute for Infectious 
Diseases, Tokyo, we have secured subcultures of these five strains Unfortunately 
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Studies in Rat Leprosy 

one was contaminated and one was dead on receipt The othei three have been 
easily subcultiired, grovi;h being visible in twentj^’-four houis on Petragnim’s 
and Hohn’s media e have mjected emulsions of these bacilli into rats, but 
have obtamed no evidence of the progressive systemic infection which is charac- 
teristic of experimentally-induced rat leprosy 

Ota and Asami (1932) considered that Uchida's cultures were true cultures 
of rat leprosy They have isolated on Petragnim’s and Petrofl’s media, acid-fast 
bacilh from eleven rats Colonies appeared after periods varymg from 5 to 110 
days The bacilli were aoid-fast in the original culture but m subcultures became 
less and less acid-fast All the cultures when mjected into rats were reported as 
producing the same changes as are seen m naturally-infected rats The glands 
become enlarged and sections show masses of acid-fast bacilb inside macrophage 
cells No report was rpade ol lafection of rats in series, nor of the development of 
generalized progressive disease 

Cilento and North (1931) reported that in one of many attempts, one primaiy 
culture on Dorset’s egg medium was obtained The isolated bacilli injected into 
young rats were reported to have produced typical lesions We have secured from 
Dr Cilento some tubes of his culture It showed an acid-fast cocco-bacillus, easily 
subcultured, but when injected into rats producing no generalized systemic disease 
but merely the lesions described above as typically produced by any non-pathogenic 
acid-fast organism bving or dead 

We think that many of the reports of culture of M leprcB muns are due to the 
fact that non-pathogenic acid-fast bacilli are sometimes found in rats with no visible 
lesions of rat leprosy It is noticeable that some workers (e c , alker and Sweeney) 
have reported isolation and cultivation of JIf leprcB muns from material of this 
kind Such bacilli may be cultured and when injected into animals may persist 
and produce a certain degree of granulomatous change in the tissues This does 
not prove that the organism isolated is that of rat leprosy The criterion is the 
development in rats in series, of a systeimc infection with marked lesions crammed 
with acid-fast bacilli, the disease being transmissible indefimtely to rats m senes 
It is noticeable that in none of tlie supposedly successful attempts at culture has this 
criterion been used to prove the genuineness of the culture 

In this Department we have made many attempts at culture of M leprce muns, 
from rats with marked lesions of rat leprosy, using the common media, usmg those 
media (Hohn’s, Petragnmi’s, Lowenstein’s) which have been reported in recent 
years as being the best for acid-fast orgamsms, and usmg gas concentration methods 
as advocated by Soule and McKinley (1932) On not a single occasion has an acid- 
fast organism been isolated, all the tubes, except those contaminated, showing no 
true growth at aU 

We have on many occasions produced the appearance of culture Acid-fast 
bacdh have extraordinary powers of persistence on media, and when, as is usual, 
rich emuhions of bacilli are used foi seedmg the media, acid-fast bacilli can be 
detected on the surface of the media for as long as six months, and these bacilli if 
not dry are capable of infecting rats Also, when emulsions of tissue containing 
bacilli are used for seedmg media, the tissue cells moculated u^ergo lysis, and 
swell up, giving the appearance of a colony, in which large n of^acid-fast 

bacilli may be found Plate XII, fig 3, is a photograph of - y’ 
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inoculated one montli previously with a large drop of an emulsion made from 
the spleen of an infected rat In these two tubes there is no contanunation, 
but merely swollen and lysed splenic cells and the acid-fast bacilli which were 
seeded on the media Subculture gives negative results 

Ereidheim (1929) reported attempts at culture of M leprw muris in tissue 
culture with negative results 

We believe that M lepree muns has not yet been cultivated in vitro Tissue- 
culture methods seem to be the most likely methods to succeed We propose to 
follow this method of work 


A filterable form of M leprie muns 

Markianos (1929) was the first to report investigations on the matter, following 
the reports by many workers of tubercle being transmitted by the filtrate of bacillary 
emulsions filtered through Chamberland filters 

He used Chamberland L2 filters, for filtering an emulsion of bacdli obtained by 
grmdmg up leprous tissue from a rat Filtration was done under a pressure of 
25 to 30 centimetres of mercury His findmgs were ns follows — 

Injected into rats the filtrate caused inflammation in the local lymphatic glands, end later, lesions 
m the yiaoera The flltrahle virus first develops into acid fast granules, later into granular bacilli and 
later still into true bacillary forma The bacillary form may be found in trventy days in young rats 
and in two or three months in adult rats The granular forms commonly seen in rat leprosy are, 
Markianos considers, a stage between the filtrablo virua and the true bacilli He quotes Marchoux as 
supportmg tins opinion 

We have attempted to verify the findmgs of Markianos In work of this kmd 
there are many fallacies to be avoided One source of error is the faulty candle , 
a second is accidental mfection of experimental rats in an animal room in which 
there may be dozens of rats in the advanced stages of rat leprosy , a third is that 
a few non-pathogemc acid-fast bacilli may sometimes be found in the glands of 
healthy rats We have taken every precaution against these sources of error, 
but we consider that m work of this kind, little notice should be taken of a few 
slightly positive results, that at least 50 per cent of positive results are necessary 
foi proof of the hypothesis of the filtrable form, and that a positive result should 
only be recorded if there follows a progressive systemic mfection with lesions showing 
masses of acid-fast baciUi The filtration was done by Captain Pasricha, IMS 
The candles were very carefully tested before use, and in one experiment the material 
was filtered through two different candles in series m order to minimize the possibi- 
hty of error due to a faulty candle Candles L2 and L3 were used, and also L5 as a 
control The size of the pores of candle L2 is said to be sufficient to keep back 
large bacilli but not the smaller bacilli In all 27 rats were injected with material 
filtered through L2 candles, 26 rats with material filtered through L3 candles and 12 
rats mjected with material filtered through L5 candles Of the L2 series 2 rats 
showed a few acid-fast bacilli and 0 showed a general systemic infection Of the 
L3 series 2 rats showed a few acid-fast bdciUi and 1 showed a general infection 
Of the L5 series 0 show ed acid-fast bacilli and 0 showed a general infection We 
consider these results are agamst there being a filtrable form of M lepree muns 
The positive results are probably explained by experimental errors 
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Studies in Rat Leprosy 

The viahihty of M leprsa murjs 

Various workeis [Muir and Henderson (1927), Marchonx and Sorel (1918) , 
Marclioux and Chorine (1932)] have reported on the viabibty tn vitro of M leprcB 
minis under various conditions We have nothing to add to their findings ex4pt 
in two matters Firstly, we have found tliat 31 leprce minis as long as it is kept 
moist remains viable and pathogenic to rats for several months outside the body 
Secondly, we have investigated with some care the action of the sodium salts 
of the fatty acids of hydnocaipiis oil on 31 leprce mw is This is a matter of consider- 
able importance, and will be dealt with separately 


The action of the sodium salts of the fatty acids of hydnocaipiis oil on 

M leprae miiris 

The use of chaulmoogza and hydnocarpus oil in the treatment of luunan leprosy 
was at first purely empirical Walker and Sweeney (1920) tried to supply a 
scientific basis for this form of treatment 

They investigated tlie action of derivatives of chaulmoogra oil on acid-fast 
bacilli in cultures 

They found that sodium hydnocaipate in a dilution of 1 m 75,000 killed 
31 lepice muns m twent 3 ''-four hours They considered that these and othei similar 
findings supplied ‘ a scientific basis for the use of chaulmoogra oil and its products 
in leprosy ’ These lesults appear very definite and conclusive, and they have 
received wide recognition An examination of their experimental data shows 
certain grounds for criticism Their crucial experiments were peiformed with a 
culture called ‘ B lepi ce muns (Hollmann) ’ Secondly, the criterion of the bacteri- 
cidal effect used by Walker and Sweeney was the failure of treated bacilli to grow 
in culture and subculture This is very unsatisfactory Some acid-fast bacilli 
need special conditions for growth, and the mere failure to grow does not prove that 
they have been killed The real criterion of death is the failure on injection into 
susceptible animals to produce the disease V'allcer and Sweeney attempted to 
demonstrate this with ilf tuberculosis but their work was quite inconclusive These 
are the weak points of "Walker and Sweeney’s work We have carried out expui- 
ments to remedy these defects 

In our expeiiments we have used two different preparations of hydnocarjius 
oil (which IS identical with chaulmoogra oil) (1) the sodium salts of the total fatt) 
acids of hydnocarpus oil, (2) Alepol, a proprietary preparation which consists of the 
sodium salts of a selected fraction of the lower melting pomt fatty acids of hydno- 
carpus oil 

A rat m the advanced stages of rat leprosy was sacrificed, and an emulsion 
made from the spleen This emulsion was rich in acid-fast bacilli Diffeient 
lots of this emulsion were then used with dilutions in normal saline of sodium hydno- 
carpate and Alepol in various strengths and for varying periods The mixtures 


* This organism us isolated in 1912 (Hollmann, 1912) hut in 191.5 Cume and Hollmann wote of 
thevr attempts to culture ilf leprcp muns ‘ our results have heen entireH negative ’ and do not mention 
the claim made hi Hollmann in the previous jear It appears that HoUmann changed his opinion 
ahout the genuineness of his culture 
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were then centrifugalized, and washed repeatedly to remove the sodium hydno- 
carpate, and the treated and washed bacilli were then injected into healthy rats, 
which were kept foi sei eial months, some as long as one year Eats dying naturally 
01 sacrificed wore carefully examined post-mortem, smears being made from the 
various organs, and tissues being sectioned and stained for acid-fast bacilh The 
finding of merely a few acid-fast bacilli was not taken as indicatmg the presence of 
rat leprosy The presence of a generalized leprous infection was the standard 
adopted for provmg that the bacilli injected were viable and pathogenic 

The results of two such experiments m ly be summarized as follows — 

BecilU ^vorewitli treateddilutions of sodium hj dnocirpate varying from 1 m 20 to 1 in 2,000,000 
for penods varjung from 3 hours to 20 hours, and suhsciiuently injected into rats 

Eignty four rats acre used and every rat ahich lived for more than two months showed a genera 
lized and progressive infection, though in some rats the development of the disease appeared to he 
retarded Similar results were obtained with bacilli treated with sodium oleate, which suggests that 
the only direct action is a simple soap notion 

These experiments show that even m high concentration acting for long periods, 
the bactericidal action of sodium hydnocarpate on M lepocB muns ^n vtiTo is 
extremely slight or absent This salt may have the power of inhibitmg growth 
of M leprcB during the time of its action , regarding this we can say nothing , but 
m concentrations far higher than can possibly be obtained in the tissue flmds of the 
human or animal body, it does not kill the bacilli in viiio in 20 hours 

The fact that sodium hydnocarpate does not kill M lepice muns in vitio does 
not prove that it has no action in vivo Quinine does not kill malarial parasites 
in vitro , antimony does not kill Leishmania in vitro , but tliey both have a marked 
action in vivo Nevertheless, a similar bactericidal action of sodium hydnocarpate 
in VIVO we consider to be extremely hj’pothetical 

Clinicau and pathological 
Naturally-acquired rat leprosy 

This has been very well described by Rtefansky (1903), Dean (1905) and Marchoux 
and Sorel (1913) Two forms are seen m nature (1) the ‘ glandular ’ form with no 
lesions in the skin and internal organs, but marked enlargement of the glands of 
the axilla and 'groin,' the glands contaming enormous numbeis of acid-fast bacilli, 
(2) the musculo-cutaneous form which is probably a more advanced stage of the 
glandular form and is characterized by marked lesions of the skm, subcutaneous 
tissue and of the underlying muscles , visceral lesions are reported as rare 

Experimentally-indueed rat leprosy 

Eat leprosy is usually mduced by the injection of emulsified leprotic tissue from 
an infected rat It can also be produced by merely keepmg a rat m the same cage 
with a heavily mfected rat (Currie and Hollmann, 1913), by scarification of the 
epidermis and touching the area, with leprous material, by smearmg leprous material 
on freshly depilated skin (Marchoux and Sorel, 1913) and sometimes by feedmg 
rats on rat leprosy material Injections may be given subcutaneously, intra- 
peiitoneally, intravenously or intracardiaUy The lesions, and the tune taken 
J, MR 13 
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to pioduce them, vaiy with the method of injection used and the dose of bacilli 
given 

If the injection is given into the subcutaneous tissue, legions develop first at the 
site of inoculation, then in the lymphatic glands, and latei in the internal organs, 
and in advanced cases practically all the tissues of the body may be affected With 
subcutaneous injectious the time taken for the full development of the disease is 
usually at least a year even when as much as 1 c c of rich emulsion contaming many 
millions of bacilli is injected, and with smallei doses an even longer period is 
necessary, and many rats die from other causes while the disease is still m a nuld 
form 

Intraperitoneal injection produces lesions m the omentum, in the lymphatic 
glands, in the abdomen, and later in the liver and spleen, as well as more generally 
The injection of 1 c c of rich emulsion pioduccs marked lesions m a few weeks, in 
three months the infection is usually general, and in about nine months most rats 
have died either directly or indirectly as the result of rat leprosy 

Even quicker results are obtained by intravenous oi intracardiac injections, 
as the infection from the stait is general and, even with small doses of bacilh, marked 
general lesions are rapidly produced and most animals are dead within six 
months 

Whatever method of injection is used, the typical ‘ glandular ’ and ' musculo- 
cutaneous’ forms described in natural rat lepi osy are not reproduced However, 
a form resembling the natural ‘ glandular ’ form we have produced in experimental 
lats by intradermal injection of very small quantities of emulsion By this method, 
at the end of about a year, there is produced a marked general glandular enlargement, 
but in addition there is often a lesion at the site of mjection, which is not seen in 
the natural ‘ glandular ’ form "VI e have not been able to produce experimentally 
a form resemblmg the natural ‘ musculo-cutaneous ’ form with multiple lesions in 
the subcutaneous tissue , it is possible that multiple small injections into the skin 
might produce it 

In experimental rat leprosy we have found that many tissues which are appa- 
rently normal, show numerous bacilli when smears are made, and very definite 
microscopic lesions on sectioning AVe suspect that the same thing is true in natural 
lat leprosy, and that more careful examination would show visceral lesions to be 
more common than has been reported 


Pathology of experimental lat lepi osy 

Shin and subcutaneous tissues — The lesions in the subcutaneous tissue and the 
skin are essentially the same as those desciibed in natuial rat leprosy and need not 
be described heie 

Regarding the distribution of lesions in the skin, we have found that the visible 
lesions in experimental leprosy are always confined to the slcin near the site of 
inoculation There is no general invasion of the skin until the animal is moribund 
with a massive general infection, and even then the multiple skm lesions are merely 
post-mortem findings detectable by smears or sections but not clinically These 
microscopic lesions in the skin take the form of small areas of leproma round the 
blood vessels m the skin, apparently produced by emboli of bacilli being deposited 
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111 the capillaiies of the cutis We have found these lesious in the skin in nearly 
every part of the body 

The hjinphalic glands — Tlie lesions of the glands are essentially the same as 
those deseribed in natural rat leprosy, except that the very marked glanduLu 
enlargement is rarely seen As already noted, however, i/c have been able to 
produce this m.irked general enlargement by injection of \ery small doses of bacilli 
into the skin of the abdomen 

The muscles — ^^Vc have never seen any actual infection of the muscle fibres in 
experimental rat leprosy Lesions are found aftecting muscles near the site of 
mjection, but the gianuloma always arises in the connective tissue outside and 
between the muscle fibres, and only aftects the muscles indirectly by pressure 
We have seen such lesions in the muscles underlymg the skin at the site of injection, 
in the abdominal muscles infected bj leakage in intraperitoneal injections, and in 
the pericardium and heart muscle infected simdarly in intracardial injections (see 
Plate XII, fig 4) These findmgs agree with those of Marchoux and Soi el (1913) 
and disagree with those of Stefansky (1903) and Dean (1905), who reported multipli- 
cation of bacilli inside muscle fibres This appearance we believe to be an artefact 

Internal organs, etc — The great interest of experimental rat leprosy lies m a 
study of the mternal lesious Practically all the internal organs and tissues are 
affected in advanced general lat leprosy, but the first tissues to show marked change, 
and the tissues which are most affected all through, are the liver, spleen and bone 
marrow We base this finding on the results of observation of rats after mtra- 
£■ cardiac mjection, in which case the bacilli are at once liberated into the blood 
• stream Bacilli are found in these organs within a few minutes, definite but slight 
pathological lesions are detectable withm a few days, marked lesions within a few 
weeks The hver, the spleen and the bone marrow are those tissues in which the 
cells of the reticulo-endothelial system are most numerous, and as will be described 
latei, the essential change in these lesions is infection and proliferation of these 
particidar cells We bebeve that rat leprosy is essentially an infection of the 
reticulo-endothelial system of the rat 

The liver — This organ is perhaps the easiest site m which to study the nature 
of the pathological changes produced by leprosy If a series of rats is given an 
intracardiac injection of c c of a rich rat-leprosy emulsion and one rat is sacrificed 
15 minutes and others at 12 hours, 24 hours, 4 days, 1 week, 2 weeks, 1 month, 
2 months, etc , after injection, and if sections arc cut of the tissues, particularly 
of the hver, a very clear demonstration is obtained of the process of invasion of 
this organ by the disease 

In the animal killed a few minutes after injection some bacilli will be found 
after careful search in sections of the hver They will be found singly or in pans 
and already even m fifteen minutes they will have been ingested by the Kupffer 
cells lining the sinuses of the hver 

In a few days proliferation of the Kupffer cells will be seen, though the bacilli 
are stdl few in number In two oi three weeks, the small masses of proliferated 
Kupffer cells aie easily detectable with the low pow er of the microscope This 
proliferation of cells continues, and the bacdh also proliferate, and after a few more 
weeks is seen the characteristic appearance of definite masses of areyish colour, 
contrastmg with the brown of the hver tissue, and easilv visible to the naked ej e 
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enlarged, the diseased masses increase in size and by the time 
W tiinP^V granulomatous and caseous masses Tlie 

granulates masses 

the spleen similar changes aie seen The reticulum cells of 

Within n fn 1 ^ bacini a few minutes after intracardiac injection 

after proliferation o the cells is detectable microscopicallj and 

the sT^Pn pi Tf multiplication of the bacilli is seen At this stage 

cl Puapfp.. noticeable that in sections the 

thi pir 1 ^ Malpighian corpuscles but in the leticnlum in between 

Jin=,r indicating that l 3 mphoid tissue is unafiected but the reticulum 

ceils are Later, the small areas of granulomatous cells full of bacilli coalesce forming 
dehnite nodes visible first micioscopically and later inacrosoopically The spleen 
^ecomes large and is studded throughout by these round ^^hlte nodes (see Plate 


T/ie hone maiiow The bone mairow also frequently shov.s infection within 
a tew minutes of injection, bacilli being found inside the reticulum cells As in the 
sp een and liver this infection steadily inci eases until within a few weeks the bacilli 
aie veiy numerous and in thiee oi four months the bone mariow consists almost 
entirely of cells ciammecl with acid-fast bacilli 

The other tissues, which we have foimd infected after mtiacardiac injection, 
are the lymph glands, the lungs, the peiicardium, the testes, tlie ovaries, the seminal 
vesicles, the uterus, the lungs and the skin The tissues never affected aie the 
peripheral nerves, and the muscles (affected only secondaiilj'’) Tlie kidney usually 
shows no lesions 


In our experience (contrary to that of Cuiiie and HoBmann) infection of the 
j a late manifestation of leprosy Even intracardiac injections if given in the 

left heart produce no early lesions of the lung , maiked lung affection usually ocems 
m the disease It is quite true that when bacilli are circulating in the 
blood, some frequently lodge in the lungs, but they seem to be carried thence to the 
mediastinal glands winch are frequently markedly involved, and progressive lung 
lesions aie not usuallj'’ produced till late Sometimes experimental rats die of 
pneumonia, and consolidation of the lungs is found and smeais from the lungs show 
some acid-fast bacilli Section of the lung in these cases usually shows an infection 
ot he lungs by other organisms, and only a few acid-fast bacilli m the consolidated 
tissue tlie lungs The leprosy infection is not the cause of the lung condition but 
sonie acid-fast bacilli have lodged in the lung tissue otherwise diseased We believe 
that this IS the cause of the anomalous findings reported b}’’ Currie and Hollmann 
n really leprous lesions of the lung, acid-fast bacilli are found in enormous numbers 
and not in the small numbeis reported by Currie and Hollmann 

e need not describe in detail the lesions of the ovaries, testes, seminal vesicles 
and uterus , massive infection of the interstitial tissue in these sites is frequently 
seen in advanced experimental rat leprosy 

e have already referred to the lesions at the site of injection , one form of 
this IS the leprotic pericarditis seen after intracardiac injection The heart muscle 
is not anected except secondarily by the extension of the granuloma from the peri- 
cardium in between the heart muscle fibies Another form is the tremendous 
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Plate XII 





Plate XIII 




Fig 0 Section o£ liver of rat three weeks after 
intracaidiao injection of M leproe muns Note 
marked granulomata (The bacilli are unstained ) 
Magmfication COO Stain , Hxmatoxylm and 
eosin 


Fig 7 Section of liver with marked leprous 
lesions The dark messes consist of cells crammed 
with acid fast bacilli 

JIagmfication Low power Stain Modified 
Ziehl Neolsen 



I'lg 8 Spleen enorniouslv enlarged and studded mth lepromata which 
consist of cells crammed uith ecid fast bacilli 
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imasion of the omeiitimi seen after mtiapeiitoneal injection The omentum aftei 
a few months becomes an enoimous thick mass consisting almost entirely of proli- 
ferated reticulmu cells ciammed with bacilli This makes mtraperitoneal injection 
a most useful method for obtaining mateiial rich in bacilli, for an emulsion made 
from such an omentum contains enormous numbers of bacilli and few cells We 
have alread} referred to the diffuse infection of the skin foimd post-mortem and not 
clinically, and occurring only in very late stages of rat-leprosy infection 

The cytology of lat Icfrosy 

In rat lepiosy the bacilli aie almost entirely intracellular The bacilli are 
contained inside large round or oval cells which have a large vesicular nucleus 
staining lather famtly, and abundant protoplasm often showmg an apparent vacuo- 
lation The question arises as to what is the origin and nature of these cells We 
have already stated reasons for believing that these cells are of reticulo-endothelial 
oiigin In the skin they apparently origmate from the connective tissue histio- 
cytes , in the glands fiom the reticulum histioc}ff:es, in the liver from the Kupffer 
cells, in the spleen from the reticulum cells, and in the bone marrow from the reti- 
culum cells, and similaily m othei organs and tissues We have tried to demon- 
strate this clearly by vital staimng methods, mjcctmg an mfected animal wuth 
trypan blue This was done first by 01iver^(1926) m studying the skin lesions 
of rat leprosy, and she found that the so-called ‘ lepra ’ cells were the cells which 
took up the trypan blue dye, thus indicating that they are essentially histiocytes 
She found, however, that the cells full of bacilli took up httle of the dye, those with 
a few bacilli took up more and those with no baciUi took up most Her findings 
were verified by Henderson (1928) We have injected trypan blue mto rats in the 
comparatively early stage of a general rat-leprosy infection produced by giving an 
intracardiac injection of bacilli Here the picture is much more complete and 
couvmcing In all the tissues, the cells which mgest the dye are precisely the cells 
which also ingest the bacdli, the dye is most abundant m those tissues in which 
the bacilh are most abundant, and there is a complete correspondence between 
the dye and the bacilli 

The question then aiises as to w'hat happens to the ingested bacilli Are they 
killed or rendered inactive ^ From a veiy caieful study of the disease we have 
defimtely concluded that the baciUi mside the cells are not destioyed or rendered -- 
inactive , on the contrary the cells seem to piovide just the conditions necessary 
for the multiplication of the bacilli The cell ingests the bacilb but cannot digest 
them , the bacilli multiply, the cell swells up, the bacilli multiply stiff further and 
eventually the cell is enormously distended by the hundreds of bacilli inside it 
The cell envelope may burst and thus libeiate bacilli which are promptly ingested 
by other similar cells, and this process is repeated While this is proceeding the 
neighbouring cells multiply, and possibly there is an infiltration of w^andermg 
histiocytes also, but the progress of multiplication of bacilli and infection of fresh 
cells continues Finally, the reticulo-endothelial system is exhausted, the defence 
mechamsm breaks down, and theie is lapid spread of infection thiounhout the 
body, followed bv death ° 

Multi-nucleated giant cell formation we hive frequently observed These 
cells obviously arise fiom the leticulimi cells It may be that sei eral cells coalesce 
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to foim tlie giant cell, or in a single cell divasion of the nucleus occurs without 
division of the cytoplasm (It is noticeable tliat the multi-nucIeated giant cell 
of rat leprosy always contains large numbers of bacilli, while the multi-nucleated 
giant cell of human lopiosy in our experience very rarely contains bacilli ) 


Summary 

1 A compaiison is made between human and lat leprosy 

2 Various reports of successful culture of the organism are critically reviewed 
Failure to reproduce the disease by injection of various so-called cultures is reported 
Many unsuccessful attempts at culture are reported The conclusion is drawn that 
the bacillus has not yet been cultured 

3 Attempts to detect a hltiablc form of the oiganism have met with no 
success 

4 Sodium hyduocarpiitc is found to have little or no bactericidal eSect on 
the bacillus in viii o even in dilutions of 1 in 20 acting for 20 hours 

5 The pathology of experimentally-induced rat lepiosy is discussed fully 
Rat leprosy is considered to be essentially a disease of the reticiilo-endothehal 
system 
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Up to the present the standardization of vitamin D or irradiated ergosterol 
has been based upon the calculation of the minimum amount of the substance that 
IS required to cure rickets artificially produced in rats, and for this either the animals 
had to be killed or the help of a:-rays was an absolute necessity Of these two 
methods, diagnosis by means of z-x&ys is without doubt the better and has, 
therefore, been accepted as the standard 

But, as the handling of s-ray apparatus requures knowledge and a high technical 
skill and as the cost of the apparatus is so high that every laboratory cannot afford 
to install one, we have tried to find some simple biochemical method of stand- 
ardization of vitamin D or irradiated ergosterol 

This biochemical method is based upon the fact that when rickets is artificially 
produced in rats or m any other lower animal, both the calcium and phosphorous 
contents of the blood gradually fall and when signs of active rickets appear in the 
bones, both calcium and phosphorous contents reach a certain definite minimum 
figure, so that the product of these two figures is very nearly constant At this 
stage, with proper control, different doses of vitamin D are admimstered to different 
groups of ammals, and the minimum amount of substance that raises the product 
of the figures of calcium and phosphorus to the original level within a definite 
period of time, is fixed as the standard 

Though rats have been found to be suitable for standardization of vitamin D 
by the ai-ray method, rabbits have been found to be still more suitable for this bio- 
chemical method The reason for this is that sufficient blood for estimation can 
be very easily drawn fiom these animals by heart-puncture, which is not always 
the case with rats In practice young rabbits of two months old were selected 
The greatest objection that can be raised against using rabbits for such experi- 
ments IS that these animals show marked variation in their calcium and phosphorous 
contents when estimated m the morning and in the evening It has been found 
however, that the estimation of calcium and phosphorous contents in fasting ammals 
shows practically no diurnal variation So, m the present series of experiments 
animals were allowed to fast for 12 hours before the blood was drawn, which was 
done m the mormng between 9 and 9-30 
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Befoie the experimental diet was given to the animals, the calcium and phos- 
phorous contents of the blood were estimated On an average the calcium content 
was found to be 12 mg and the phosphorus 5 mg , so that the product of these two 
figures was approximately 60 mg 

The animals were then shut off fiom light and were fed wuth Steenbock's raclii- 
togenic diet consisting of ground yellow maize 76 per cent, wdieat gluten 20 per cent, 
calcium carbonate 3 per cent and sodium chloride 1 pei cent After two weeks 
the animals were examined under cc-rays and signs of early rickets were manifest 
At this stage the calcium and phosphorous contents of the blood were estimated 
and on an average calcium w'as found to be 10 mg and phosphorus 4 mg , so that 
their product was approximately 40 mg 

Tire experiment was continued for another wmek, and the animals were again 
examined under a:-rays Signs of active iickets were fully evident, and on estima- 
tion calcium and phosphorous contents were found to be 9 mg and 3 mg respec- 
tively, 1 e , then product was 27 mg 

From this point the animals were given different doses of vitamin D and after 
7 days the caleiiim and phosphorous contents of the blood were estimated Tlie 
animals were examined under a:-rays for signs of healing rickets Between 7 and 
10 days early signs of healing rickets appeared in the bone and estimation of 
the calcium and phosphorus also showed increased figures of 10 mg and 4 mg 
respectively, so that their product was 40 mg 

The animals were completely cured of rickets aftei a period of 16 to 18 days, as 
diagnosed by cc-ray examination, and estimation of the calcium and phosphorus 
also showed normal figures of 12 mg and 5 mg respectively, so that their product 
was 60 mg 

The smallest amount of substance that could raise the product of calcium and 
phosphorus of the blood from 27 mg to 40 mg within 7 to 10 days, oi raise the 
figure to 60 mg within 15 to 18 days, was taken as the standard 


Table I 

Calcium and phosphoious contents of the blood normally present in young 

rabbits of 2 months old, 


NumLer 

Calcium in mg 

1 

Phosphorus in 
mg 

Calcium X 
phosphorus 

X ray examination 

1 

12 2 

48 

68 6 

Bone normal 

2 

12 0 

5 2 

62 4 

Do 

3 1 

11 8 

5 2 

Cl 4 

Do 

4 

11 8 

5 0 

69 0 

Do 

5 

12 4 

5 0 

62 0 

Do 

G 

11 0 

5 4 

62 6 

Do 

7 

11 8 

5 2 

61 4 

Do 

8 

11 4 

60 

57 0 

Do 
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Table II 


Calciujn and phosphoous contents of the blood aftei 2 ueels of Steenbocl’s 

i aclutogemc diet 


'dumber 

Calcium in mg ^ 

Phosphorus in 

1 nig 

j Calcium X 

1 phosphorus 

X rav examination 

1 

10 2 

1 

40 1 

1 

1 40 8 

Early signs o£ nckets present 

2 

10 2 

1 

42 

1 

1 

42 8 

1 

Do 

3 

10 0 

40 1 

40 0 

Do 

4 

0 8 

1 

4 2 1 

1 41 2 

Do 

5 

10 0 

40 

1 

40 0 

' Bo 

1 

G 

9 6 

4 2 

40 3 

Do 

7 

10 0 

40 

40 0 

1 

1 Bo 

8 

9 8 I 

1 

40 

39 2 

Do 


Table III 

Calcium and phosphorous contents of the blood after 3 ueels of SteenbocVs 

rachitogenic diet 


Number 

Calcium in mg 

Phosphorus in 
mg 

Calcium X 
phosphorus 

X raj examination 

1 

80 

30 

27 0 

Active signs ol ncLets present 

2 

88 

30 

26 4 

Do 

3 

88 

1 

28 

24 6 

Do 

4 

90 

28 

1 25 2 

Do 

6 

9 2 

3 0 

27 6 

Do 

G 

90 

30 

27 0 

Do 

7 

88 

32 

28 2 

Do 

8 

88 

80 

! 

26 4 

Do 
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Table IV 


Caleium and phosphorous contents of the blood after 7 days of admimsbahon 

of inadiated ergostewl 


j 

Number 

Irradiated j 
ergosterol 
per kg per 
dav, in mg 

Calcium 
in mg 

Phosphorus 
in mg 

Calcium X 
pliosplionis 

X ray examination 

1 

0 01 

9 2 

34 

31 3 

No healing of rickets 

2 

0 01 

j 9 0 

34 

30 0 

Do 

3 

0 02 

9 0 

1 

; 3G 

1 

' 34 6 

1 

Do 

4 

0 02 

9 4 

! 36 

! 33 0 

Do 

6 

0 03 

9 8 

3 8 

37 2 

Signs of healing present 

0 

0 03 

90 

' 40 

38 4 

Do 

7 

0 04 

98 

42 

41 2 

Do 

8 

0 04 

10 0 

40 

40 0 

Do 


Table V 

Calcium and phosphorous contents of the blood aftei 16 days of admimstration 

of irradiated ergosterol 


Number 

Irradiated 
ergosterol 
per kg per 
day, in mg 

Calcium 
in mg 

Phosphonis 
in mg 

Calcium X 
phosphorus 

JC-ray examination 

1 

0 01 

10 4 

48 

50 0 

Healing not complete 

2 

0 01 

10 8 

46 

49 9 

Do 

3 1 

0 02 

114 

48 

64 7 

' Do 

4 

0 02 

11 6 

48 

55 9 

Do 

5 

0 03 

118 

60 

69 0 

Healing complete 

6 

0 03 

12 0 

4 8 

57 0 

Do 

7 

0 04 

12 0 

50 

60 0 

Do 

8 

! 0 04 

118 

50 

69 0 

Do 
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Introduction 

The culturing of liookwoim larvae is an important matter in the investigation 
of many aspects of the hookworm problem, and numerous conclusions have been 
based on information obtamed from the results of a variety of methods of culturing 
these larvae Most workers have followed Looss’ original method to the extent 
that they have employed Petri dishes in which to grow their cultures, although they 
have possibly modified the culture medium and his method of extracting larvae 
Lane (1928) made the important observation that larvae are prone to migrate from 
cultures made in these dishes, but there seems to be no rule whereby the actual 
number that may be expected to migrate can be estimated, as the numbers found 
in his traps varied widely without apparent reason One possible explanation of 
this variation is that the larv® of Ancylostoma duodenale have different nugratory 
habits from those of Necator amcricanus, and there is no information on the pro- 
portions of these two species of woims in the patients from which Lane obtained the 
stools that he used AVhatever the explanation may be, the fact of the occurrence 
of migration is of great unpoitance as it invahdates our earlier conclusions, based 
on the number of larvse recovered from Petri dish cultures 

Although the Petri dish has been almost universally used for making hookworm 
cultures in the laboratory, a little thought will make one realize that in them the 
larvse are being grown under highly unnatural conditions They have to live and 
grow 111 a layer of earth or chaicoal not more than 1 cm in depth which is practically 
all the tune saturated with water, because any water added can only evaporate as 
there is no substratum into which excess moisture can dram away It has been 
argued that because hookworm larvse to remain alive must always be covered with a 
film of w ater, it does not matter how much water the soil they are hving in contains 
Hookworm larvse, however, are not truly aquatic animals and Maplestone (192G) 
showed conclusively that excess of water in the soil was unfavourable for their 
development This observation, ivhich was made in "West Africa where the soil 

( 203 ) 
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used was a highly porous and readily-diained laterite, has since been confirmed in 
Bengal where the soil is heavy, non-porous and consequently drams very badly 
Anotlier unnatural condition to which these cultures must of necessity be subjected 
in a cool climate is that they have to be kept m an incubator and are thus conti- 
nually under an unvarying tempeiature, night and day, throughout the whole 
period of then growth, but unfortunately this cannot be avoided when working m a 
temperate climate It appeared possible that the highly unnatural conditions to 
which these larvae had been subjected might be the cause of their migration in an 
attempt to find more congemal surroundings 

Lane made his original observations with Petri dishes standmg in larger ones 
contaming water, and it was in these that the larvae were trapped Later in the 
same year (Lane, 1928a) he demonstrated a special vessel he had designed for 
culturmg hookworm larvae and which he considered to be essential for the estima- 
tion of the length of life of hookworm larvae in soil His apparatus consists of a 
jar, the open end of which is surrounded by a fixed moat in which water can be 
kept to entrap any larvae that leave the culture No dimensions are given but 
the size of the drawings suggests the probability that it is reproduced in its 
natural size 

In a full discussion of the question of culturing hookworm larvae Lane (1932) 
refers to ‘ the inescapable need to trap cultures ’ This statement is of course 
correct if cultiues are put up in Petii dishes, but it does not seem to have occurred 
to this worker that the employment of a ddferent technique m culturing might do 
away with this necessity Maplestone (1926) briefly described the technique he 
devised for studying certain aspects of the development of hookworm larvae, but his 
work has apparently been overlooked as no mention of it appears in any of Lane s 
papers on the subject It w^as devised with the object of providing a more natural 
environment foi the hookworm larvae to live in, than the usual badly-drained Petri 
dish cultures At the tune no special stress wms laid on the method because the 
writer, like all other workers on the subject, was then unaware that larvae migrated 
from cultures Since the publication of Lane’s woik this method has been tested 
to And if hookworm larvae migrate from cultures of the type to be described, and as 
it has been found that if proper precautions aie taken larvae do not migrate from 
cultures of this type the method has been elaboiated and improved As the 
method is simple, the materials needed can be obtained almost anywhere and the 
apparatus can be easily made, it is proposed to give a detailed description and 
some of the results obtained by its use 

Method op constructing the apparatus 

A quantity of fine gauze made of non-corrosive wue, such as brass, copper or 
bronze, and with a mesh of about 1 mm square is required 

Square shallow baskets are made out of this gauze m the following manner 
They can of course be made of anj' size desned depending on the size of the cultures 
to be made, and the dimensions given below are those that for general purposes we 
have found a very convenient size and one that will easily accommodate up to 
5 c c of stool — 

. A square piece of gauze 12 cm by 12 cm is cut out and in its centre a square 
0 cm by 6 cm is marked vith a pencil Diagonal cuts are made from the corners 
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of tlic gau^c square to tlie coircsponding comers of tlie square marked in its centre 
(Te\t-figuro) The gauze is quite easily cut with an old pair of scissors Using 
the central square as the base, the sides aie bent up at right angles to it The 
result of this is that at each corner there aie two triangular portions of gauze pro- 
jecting one beyond the other These are bent around each other forming right- 
angled corners, and the) arc tied to the sides by one or two twists of wire unravelled 
from the stock piece of gauze, and the small basket is complete A valuable addition 
is a handle made from a length of nirc foimed by two or three strands unravelled 
from the stock piece and twisted together Such a loop renders handling of the 
cultures easy and rapid without any danger of the hands becoming contaminated 
with the earth in the culture oi, more impoitant, nith infective larvae 


TrXT FIOURE 
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Uiagram to show how ga«7o is cut to make a 
basket ABC and D — Dotted hues w here 
cuts are made 


The substratum of the cultuie is formed with t\ ashed sand which is too coarse 
to pass through the wire gauze An alternative that can be used if sand does not 
happen to be available is small glass-beads, just too large to pass through the 
baskets, but the number of larvai extracted from bead cultures is, on the whole 
lower than from sand ’ 

A supply of earth is prepared by heating it in a moist state for twenty minutes 
at a temperature of 70°C , keeping the earth stirred during the process so that all of 
it IS raised to a sufficiently high temperature to kill all the helminth e«gs, lari je and 
adult worms that it contains The earth is now allowed to dry and Is pounded 
lightly in a mortar after which it is passed through a sieve with a mesh of about 3 
mm square , this provides a quantity of evenly divided earth that is in small 
enough particles to allow of its being accurately measured, and at the same time 
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ensures all the larva3 subsequently grown m it being under comparable conditions 
regarding the physical state of the soil This earth should be tested for the presence 
of helminth larvai by putting up a culture of earth alone, and extracting it in the 
usual way, before it is employed for growing hookworm cultures If a large stock 
of earth has been prepared and it is kept for some time it should be periodically 
tested in the same way to see that it remains free of worms 

The contents of one of the baskets made of the dimensions given above is 108 
c c , a convenient amount of sand to use in a basket of this size is about 50 c c A 
test-tube marked at the correct height is a suitable measure Such a quantity of 
sand provides a layer in the basket about 16 cm in thickness, and a shallow depres- 
sion IS made in the centre of the sand taking care that it is not deep enough to expose 
the gauze at the bottom of the basket About 8 c c of prepared earth is now taken, 
using any small tube as a measure The actual quantity of earth used is not of 
much importance so long as exactly the same amount is always used for any series 
of cultures that are to be compared 

The description given is the exact account of how the cultures, the results of 
which are given in Tables I and II, were dealt with This is of course capable of 
general application m the use of the method 

In the cultures, either 22 c c or 44 c c of sand or beads were used as a sub- 
stratum, and from the results it is clear that this degree of difference in volume has 
no constant bearmg on the number of laivse subsequently extracted This varia- 
tion was made as it was thought possible that the greater the total volume of the 
culture the fewer larvae would be extracted 

No estimation of the numbers of eggs in the various stools employed were made, 
because it has already been shown by Maplestone (1924) that this is an efficient 
method of growing hookw'orm larvae, for it was used on that occasion to check the 
value of Stoll’s egg-countmg method, and many times more larvae were extracted 
from cultures than one was led to expect from the number of eggs estnnated by 
counting 

Eight c c of prepared earth weie placed in the shallow depression in the 
substratum, and 4 4 c c of diluted stool were poured over the earth As stated 
above, no egg counts were made before making the cultures, and the stools were 
well stirred with an unmeasured amount of water, the amount varying with the 
original consistency of the different stools employed, but they were all brought 
to approximately the same state of semi-fluidity Eour cultures were put up from 
the same diluted stool in each senes, and the comparison of the four results served 
as a cross check The reason that the stools were broken up in water is because 
Heydon (1927) showed that stools treated in this way produced more larvae than 
non-comminuted lumps of formed stool of the same size The reason for this is 
that eggs in the centre of a stiff lump of faeces have very little chance of developing 
and hatching successfully, compared with eggs near the surface of the stool, and 
comminution m water has the effect of bringing all the eggs relatively near the 
surface of the faeces, when it is spread in a thin layer on the earth Dilution in this 
way also has the advantage of rendering measurement of equal parts of a stool 
rapid and accurate A pipette with a wude opening and fitted with a rubber- teat is 
used for measuring the amount of stool It is marked at a suitable level and a 
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portion of the diluted fieccs is draii n into it up to this marJc, and it is then expelled 
on to the earth in the eulture basket This operation is repeated until the desired 
amount of stool is added to the culture, and then the tube is washed bj drawing 
water into it and expelling this on to the culture as well Here again the actual 
amount of stool employed in any series of cultures is not of great importance so 
long as the same amount i"? taken foi all the cultures in a series But if it is desired 
to know exactly how much stool has been used it is easily ascertained, by drawing 
water into the pipette up to the mark on it and expelling this into a graduated 
tube 

The cultures were then placed in small holders especially constructed for the 
purpose At first tin was used for this purpose, but this rusts after being used for 
some time, with the result that all the apparatus beeomes more or less soiled, so 
alumimum was substituted and this objection thereby overcome These holders 
are truncated cones open at both ends, 10 cm in diameter at the large end, 6 5 cm 
at the small end, and about 8 cm in height The diagonal measurement of one of 
the wire baskets is about 9 cm so that when placed inside the cone, at the large 
end, it rests against the sides by its four corners only, and about 3 cm from the 
top This is now placed in a Petri dish containing a little water and put under a 
bell-jar (Plate XIV, fig 1) Four such cultures can be accommodated under a 
bell-jar 30 cm in diameter, and the evaporation of water from the four Petri dishes 
helps to keep the air beneath the jar fauly moist so that evaporation from the 
cultures is slight , the result is that they only need a very small addition of water 
during the period of giowth, and the larvse are, therefore, m an evenly moistened 
medium during the whole week or ten days thev are growing In the thud part 
of this paper discussion on the migration of larvm from this type of culture is given, 
but it may be mentioned here that at odd intervals the water in the Petri dishes in 
which the cultures have been standing has often been examined and no larvae have 
ever been found in it 

After growing for the desired time (in the present instance this was one 
week) the cultures are extracted after the well-known method of Baeimann 
with the modification introduced by Coit and his co-workers (1922) For the 
sake of completeness a brief description of the apparatus may be given with 
advantage — 

Glass-funnels of a suitable sue fitted with a piece of rubber-tube closed by a 
clip and any convenient funnel stand are all that is needed Plate XIV, fig 2, 
shows a very useful type of stand, which we had constructed to our own design, 
and which can be easily made by any carpenter The irholc stand can of course 
be made rigid, but we have found that the folding type illustrated is much more 
convenient as it can be packed away when not in use Reference to the figure will 
show how it can be made so that it will fold The legs are hinged on the top 
board and when in use they are held in position by hooks and eyelets 'The 
board on the top is also hinged m the centre so that it folds into half its length 
for packing 

A culture is simply lifted by its handle and the basket transferred to the funnel 
within which it stands on its four corners Originally, when only earth was used it 
was necessary to place a piece of cloth inside the funnel befoie placing the culture 
in it , this was to prevent fine particles of earth falling through the wire gauze along 
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with the larvaj and settling at the bottom of the clamped rubber-tube The presence 
of earth at this stage of the process is a great disadvantage as it renders counting of 
larva3 very difficult and tedious Usually, even when calico was used a certain 
amount of earth managed to percolate through, and the extracted larvae were 
rarely entirely free from it Another possible objection to the use of cloth is 
that larvae may become entangled in it or migrate upwards through the satiuated 
fibres and so not reach the bottom of the water m the funnel It must he 
admitted that avc have never succeeded in extra ctmg larvae from calico that 
has already been used for a culture, but we do not consider the proof that they 
are not present to be fully established The use of coarse sand or beads as a 
basis for the cultures entirely prevents earth from percolating through into 
the funnel, and so cabco need not be used This simplifies the process of 
extraction consideiably, and also does away with the possible objection to calico, 
mentioned, above 

After a culture basket is placed in a funnel, water heated to 37 °C is poiued 
into it care bemg taken to run it down the side of the funnel so as not to disturb 
the culture The water is poured mto the funnel until it comes into contact with 
the culture from below, but the culture is not completely submerged Tor the 
size of culture under discussion about 220 c c to 250 c c of water is needed The 
culture is then left until the next morning before the w'ater is drawn off, that is, a 
period of eighteen to twenty horns A\Tien the water is to be drawn off the clamp 
IS partially released and about_15_c c allowed to flow mto a graduated centrifuge 
tube After this the clamp is removed altogether and the remainder of the water 
allowed to run into a conical urine test glass 

The centrifuge tube is given a few spins in the machine (half a minute at 1,000 
r p m ), which are sufficient to throw all the larvas to the bottom of the tube The 
supernatant water is pipetted off until 5 c c are left An even suspension of the 
larvae is now made by drawing up and rapidly expellmg back into the tube with a 
pipette some of the water , this operation is repeated several times It can he seen 
easily with the naked eye when the laivse aie evenly distiihuted throughout the 
water A graduated pipette is used and when the mixing is complete 0 1 c c of 
suspension is drawn up and transferred to a microscope slide This is repeated five 
times, care being taken to re-agitatethe suspension of larvae on each occasion, because 
they settle very rapidly The number of larvae on each shde is counted under the 
low power of the microscope without a cover-slip It greatly facfiitates countmg 
if the larvae are made immobile and this is easily done by adding a drop of LugoTs 
iodine solution to the water on the slides An eyepiece with a square aperture and a 
mechanical stage are needed, so that the whole of the drop is accuratel}^ rcAuewed 
without any overlapping When only part of a larva appears in the field one should 
only count those appearing either on the top or bottom edge, depending on whether 
the countmg was commenced at the upper or lower edge of the drop of water The 
total number of larvae m the five drops added together and multiplied by ten gives an 
accurate estimate of the total number of laivae m the tube If a culture happens 
to be very prolific it may be found difficult to count all the larvae m a sample of 
6 c c suspension, in which case it may be necessary to dilute it to 10 c c or even 
more, before taking the 0 1 c c samples, and then of course the basis of calculating 
the total number of larvae is altered accordingly The balance of the vatei which 
has been standing meanwhile m the test glass is now carefully siphoned off untd about 
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16 c c to 20 c c IS left It is trausfcried to a centrifuge tube with a pipette, and 
care IS taken to agitate it well so that no contained larvae will be left behind It is 
now centrifuged and any larval it may contain added to the total already obtained 
This IS an added precaution that renders the results as free from error as possible, 
but in our experience the danger of larvie remaining in the residual water of the 
extraction apparatus is so slight as to be almost negligible, for we rarely found 
any larval at all in this second portion of the water, and on the few occasions 
that they have been present they have never amounted to a total of one per cent 
of the total number extracted 


Migration of larv^ from cultures 

On account of the climatic conditions in Calcutta we are enabled to grow our 
cultures at room temperature There is thus the normal diurnal variation, and as 
Lane (1928) made his observations with cultures in an unvarying incubator tem- 
perature it was thought possible that this abnormal factor might be responsible 
for the migration of larvm Accordingly, cultures w'ere at first put up exactl}’^ as 
Lane had done, with the sole exception that the Petri dishes we used were 90 mm 
in diameter, whereas Lane used dishes of 48 mm , and even with the larger dishes 
irregular numbers of larvm migrated ]ust as Lane had described 

We now took cultures of the size and type described m the first part of this 
paper, and placed them in funnels fitted with clamped rubber-tubes, such as are 
used for extraction Water was poured into the funnel until it was within two or 
three millimetres of the bottom of the wire baskets, and they were left thus for the 
period of growth (7 to 10 days) Larvse were never found in the water in these 
funnels, and the cultures always produced numerous healthy and active larvte, 
when extracted ^after the manner described above This experiment was performed 
on over fifty erdtures and as the results were uniformly negative regarding the 
water m the funnels below the cultures it is not considered necessary to give the 
actual detail of the results in figures 

Although these findings appeared conclusive, it was decided to test more 
severely whether larvas would migrate from this type of culture For this purpose 
much smaller baskets measuring only 3 cm square and about 2 5 cm in depth were 
made, and these were filled with earth and stool placed on the surface in the usual 
way They were then suspended by their handles on a glass-rod passing across the 
top of a beaker in which there was water just below the bottom of the baskets It 
was thought possible that the larv® might more readily leave cultures m which they 
only ^ had a maximum distance of 1 6 cm to travel to reach the edge of the culture 
from’ its centre Table I shows that, although the migration of larvae was not as 
umversally negative as in the case of the larger cultures, the remarkably small 
number leaving the cultures indicates that their departure was more a matter of 
chance than of purposive action 

It wdl be noted that six of the cultures were in pure earth, and the remainder 
in a mixture of earth and sand in equal parts This variation was introduced to 
find out if a marked difference m migratory habits wms exhibited in earths of 
distinctly different physical character As there was no apparent difference in 
these two sets of cultures fmther vaiiations in the earth medium were not made 
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Tabie I 

Migration of larvco from small cultures 


Number 

Water in beakers 

Larvae extracted 

below cultures 

from cultures 


1 

0 

982 


2 

1 larva 

926 


1 

0 

700 

Pure cnrtli ' 

1 

i 

i 

0 

396 


B 

1 larva 

600 


6 

1 larva 

814 


1 

1 

1 

1 

0 

277 


2 ' 

1 

0 

382 


t 

3 

14 larvK* 

736 

Sand and earth 

I f 

0 

408 


s 

1 larva 

479 


^ 6 

12 larvje* 

473 


* When moistening the cultures it was noted on these two occasions 
that excess of water hid been Bccidcntallj^ added, and a few drojis 
fell from the culture into the w atcr below , and these drops probablj earned 
the larv e with them In none of the other cultures w as more water 
added at any time than the earth could absorb without overflow 


Anotlier experiment was performed to test still further if hookworm larval 
showed any tendency to leave suitably moistened earth and enter water for 
preference Three circular v ire baskets were made 140, 100 and 53 mm m diameter 
respectively The largest one just fitted a Petri dish , the 100 mm basket was 
then placed in the centre of this, the 53 mm basket put in the centre of the ivliolc, 
and the complete system was filled with helminth-free earth This Petri dish was 
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placed in tlic middle of a larger one which was 220 mm in diameter, and which 
contained water forming a moat m which to tiap larvsc, after the method of Lane 
A portion of cnmlsificd stool eontamms; hookworm esigs was poured m the centre 
of the earth and the cuUiire wms kept uiuiei a bell jar fiom seven to ten days 
for different cultures, and the whole of the earth was kept m a suitable state of 
moistness tliroughout The small centn basket was lifted out and the contents 
transferred to a wire basket and cvtrictcd m the usual way The 100 mm 
basket was then removed and treated m the same wav This basket contained 
a border of earth about 23 mm m width that had smrounded the central 
basket Finally, the third portion of earth which was m the 140 mm basket, 
was also extracted, and the results are given below These are expressed as 
single numbers but they ire the average obtained from seieral cultures In 
the central culture 9,266 larvae were isolated, m the 100 mm basket 196 larvae, 
neither in the 140 ram basket nor m the water surrounding the cultures were 
any larvae found The indication from this series of observations is that 
onty about 2 per cent of larvae wandered more than 26i mm from the centre 
and the most energetic of these was not found more than a possible maximum 
of 50 mm from the point wdierc it had hatched out 


Extraction results 

These figures were obtained from extraction of the culture the detailed 
preparation of which has abeady been given under ‘ method of constri’cting the 
apparatus ’ 

Table Ila shows the results when four cultures from each stool were put up, 
in each instance two cultures being put up with 22 c c of beads as a base, and two 
cultures with 44 c c of beads as a base 

Table II6 shows the results when four cultures were also made from each 
stool used but beads were used as a base for two cultures and sand for the other 
two cultures in each senes the differences being that 22 c c of beads or sand 
and 44 c c of beads or sand were used according to the headings given m 
the table 

Although care was taken that each senes of cultures contained equal amounts 
of stool the total number of larval extracted showed considerable variation in many 
instances This may be due to unequal distribution of eggs in the emulsified faeces, 
failure of a certain number of eggs to hatch, or failure of larvae to survive until the 
time of extraction Whatever the cause of this discrepancy may be, it is clear that 
single cultures are quite unreliable for estimating, by the larvae extracted, how 
many eggs the stool contains 

It IS also clear that a single extraction is liable to give uncertain results 
regarding the total number of larvae in a culture but that if the numbers extracted 
on the fiist two days are added together one can reasonably expect that 95 per 
cent of the total number of larvae produced will be recovered To give our 
results more ^'exactly, 95 per cent of the larvae were extracted in 78 per cent of 
instances, 'or in the whole series 96 per cent of larvae were extracted on the 
first two days 



Senal namber oi cultures Serial rumber of cultures 


Table 


BEADS 22 C C 


1st CuLTunr 


2nd Cdltdbe 


Da-ss of extraction 

Percentage 
of lurvc 
extracted on 

Daj s of extract on 

Percentage 
of larvffi 
extracted on 

1 

2 

3 

1 

5 

0 

1 

1st 

day 

l8t&, 

2nd 

days 

1 

2 

3 

4 

5 

6 

1 

1st 

flay 

1st L 
2ud 
dav" 

440 

40 

41 

0 

0 



82 5 

91 3 

*502 

21 

4 

2 




95 4 

98 9 

179 

13 

4 

0 




91 3 

98 0 

258 

9 


4 

0 



931 

96 2 

467 

26 

6 

0 




93 6 

9C 

618 

19 






95 4 

98 8 

40S 

55 

7 

2 

0 



80 4 

97 4 

302 

12 






961 

100 0 

157 

27 

14 

1 

0 



78 9 

92 5 

127 

38 

23 

26 

2 

1 

0 

68 5 

76 0 

89S 

50 

6 

5 

0 

1 

0 

93 5 

98 7 

875 

51 

5 

3 

2 



93 4 

98 9 

33 

16 

3 

1 

0 



01 1 

92 6 

482 


15 

4 

0 

1 

0 

84 4 

96 5 

785 

81 

12 

0 

0 



88 8 

97 8 

500 


44 

16 

27 

10 

6 

76 3 

84 2 

205 

23 

16 

1 

1 

0 


83 6 

93 0 

201 

17 

0 

1 

0 



918 

99 5 

177 

1 

1 

0 




98 8 

99 4 

189 

20 

2 

1 

0 



86 7 

98 6 

129 

24 

0 

1 




83 7 

99 3 

191 


4 





93 1 

981 


Table 


SAND 22 c C 


BEADS 22 C C 


1st Cudttjbe 


12 

13 

14 
16 
IG 

n 


Days of extraction 

Percentage 
of larvae 
extracted on 

Days of extraction 

Perce 
of Ic 
evtrao 

ntage 

irvffi 
ted on 

1 

2 

3 

4 

5 

6 

7 

1st 

day 

let & 
2nd 
days 

1 

2 


1 

6 

6 

1 

1st 

day 

lst& 

2nd 

davB 

3,367 


127 

42 

5 

0 


821 

90 9 

3,041 

549 

149 

26 

12 

5 


76 4 

901 

869 

79 

16 






98 4 

711 

41 

19 

1 

1 

1 


91 9 

97 2 

211 

47 

4 






98 4 

94 

19 

1 

1 

0 

■ 


81 7 

98 5 

nil 

147 

39 


4 

2 


84 0 

87 8 

482 

36 

6 

3 

2 

H 

0 


97 7 















■ 


96 7 

IrqO 


41 

10 

0 

4 

0 



96 2 

660 

20 

0 







782 

295 

79 

->28 

10 

4 

1 


65 2 

90 5 

653 

96 

20 

4 

1 

1 



■■ 


2nd Cultuee 
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BEADS 14 G C 


3rd Culturf 


4ih Cuituee 


of cNlrnclion 


Pcrcontay of 
lanro e\triicUJ 
on 


Da>s of e\ti action 


Percentage of 
larvre extracted 
on 


1 

O 

} 

4 

*> 

0 

7 

1st dat 

1st Su 

2nd 

di>s 

1 

1 1 

1 

2 

3 

4 

5 0 

7 1st day 

1st & 

2nd 

days 

4G0 

8 

1 

0 




97 G 

90 1 

1 420 

15 

7 

7 

0 

93 4 

96 8 

303 

19 

C 

1 

0 



92 0 

97 8 

1 284 

15 


0 


92 8 

97 7 

616 

33 

10 

4 

0 



91 0 

97 5 

473 

54 

17 

0 


86 9 

96 8 

242 

6 

1 

0 




97 1 

99 6 

1 220 

15 

3 

2 

0 

91 8 

97 9 

164 

11 

13 

5 

3 

0 


83 6 

89 2 

1 161 

21 

13 

9 

0 

78 9 

89 2 

808 

48 

10 

2 

2 

3 

0 

92 5 

98 0 

! 798 

1 

94 

6 

7 

3 0 

87 9 

98 2 

232 

13 

5 

6 

1 

0 


90 2 

95 5 

1 30 

9 

8 

5 

0 

62 0 

77 6 

530 

20 

19 

3 

2 

0 


90 1 

95 8 

1 649 

41 

70 

8 

3 0 

84 2 

80 5 

275 

13 

2 

6 

0 



93 2 

97 6 

j 287 

26 


2 

0 

90 8 

99 0 

223 

15 

3 

1 

0 



92 1 

98 3 

177 

7 

3 

0 


94 4 

98 4 

141 

34 

3 

0 




79 2 

98 3 

154 

41 

1 

1 

0 

78 1 

98 9 



SAND 44 CO 
3rd Culture 


BEADS 44 C C 
4th CULrURE 


Days of extraobon 


^.fOO I 169 92 30 6 



Percentage of 
larvre extracted 


Days of extraction 


1 

2 3 

4 

2,860 

266 39 

31 

796 

41 13 

1 

110 

16 9 

0 

777 

56 15 

3 

684 

25 5 

0 

846 

95 6 

4 


Percentage of 
larve extracted 
on 


1st & 

6 7 Ist day 2nd 


93 5 98 3 


89 0 99 0 
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A Simple Method of Gioiving Eoolciooim Laivce 


Conclusion 

A simple method of culturing hookworm larvie is described, and it has been 
shown that larvai will not migrate from cultures of the type described It is also 
shown that it is necessary to extract calturcs for at least two successive days to be 
sure that nearly all the laivai in the cultures arc recovered 


CoRT ct al (1922) 
Heydon, G M (1927) 
Lane, C (1928) 

Idem (1928fi) 

Idem (1982) 
Mapefstone, P a (1924) 
Idem (T«26) 


REFERENCES 

Amcr Jovr Hyg , 2, p 1 
Med Jovr Avstraha, 1 , p ssi 
Trans Boy Soc Trap Med Hyq,21,p 809 
Ibtd , 22, p 2 

lancet, 1 , p 741 

Ann Trap Med Parastt , 18, p 189 
Ibid , 20, p 49 



Inri four Med /f<"t , 22, 2, Outobor 1034 


STUDIES ON ^UTAMIN Bj 

Part I 

SOLUBILITY OF THE VIT.UiIIN AS PKESENT IN THE 
INTERNATIONAL STANDARD PREPABATION 

BY 

G SANICARAN 

AND 

N K DE 

(From the ’Nutrition Rescaich Luboratones, Indian Research Fund 
Association, Coonooi, S India ) 

[Received for pubbcation, April 9, 1934 ] 

The present paper deals with, certain observations made by us in regard to 
(i) the relation of the solubihty of vitamin Bj (as present m the International 
Standard Preparation) to pH , (ii) the relation between pH and \-maximum (i e , 
wave-length at which absorption is maximum) , and (in) the means to be adopted 
for obtaining standard solutions of the vitamin, from the International Standard 
Preparation (Kaolin adsorbate), at difierent levels of pH 

This Pieparation is made from watery extracts of rice-pobshings acidified 
with sulphuric acid , from these extracts the vitamin is adsorbed on Kaolin at 
pH 4 5 (Jansen and Donath, 1927) For our purpose extracts of this Preparation 
were made with water of varying pH , the solution thus obtamed being subjected 
to spectrographic examination in order to determine the amount of the vitamin 
that had gone into solution This method of determination is based on the observa- 
tions of Bowden and Snow (1932), Heyroth and Loofbourow (1932) and others that 
the absorption maximum of light at wave-length 2600 A U is specific for vita min Bj 
A-ud, further, that extinction coefficients (i e , degrees of absorption) for this wave- 
length, observed with diSerent preparations of vitamm Bi, are proportional to the 
biological activities of the preparations, i e , to then vitamm Bi contents 

Procedure 

Known weights of the International Standard (I S ) Preparation of vitamin Bj 
were treated with 5 c c buffer (in water) of known pH The mixtures were 
thoroughly stirred with a glass-rod for five minutes and then centrifuged, the super- 
natant fluid being used for spectrophotometric observation The addition of the 
J> MR f 215 ) 2 
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Siudtes on V'ltanmi 

I S Preparation to tlio bullci did not alter its pH as tested by tbe quinliyflrone 
method During tlie progress of tlic work it was observed that the lower the pH 
the more I S Preparation had to be taken in order to get the absorption curve 
within the range of the instrument , the higher the pH the less I S Preparation 
had to be taken Thus 125 mg wcic needed at pH 1 2, while 10 mg sufficed at 
pH 12 36 (Table I) Citrate and borate mixtures (Clark, 1920) were used as bufiers 
Phthalate (Clark, 1920) could not be used as it showed marked absorption m the 
ultra-violet Hdger’s Rotating Sector, in conjimction with a medium-sized Quartz 
Spectrograph (Hdger’s E316 with mternal wave-length scale), was used The 
source of the ultra-violet light was a spark between steel-tungsten electrodes with a 
gap of 4 mm ; the voltage was 1 5,000 The slit width was 0 026 mm , the initial 
exposure 10 seconds The liquid containers were 1 cm quartz cells. 


Results. 

Nine observations were made over a range of pH from 12 to 12 36 The 
absorption curves for all of these have been drawn , extinction coefficients being 
shown as the ordinates and wave-lengths as the abscissa A sufficient number of 
these curves for illustrative purposes is shown in Figs 1 to 5 



Fig 1 Absorption curve of vitainm B, solution obtained from 125 mg Internationa 
Standard Preparation in 5 c c buffer at pH 1 2 Maximum absorption occurred at 2600 A U , 
exfanotion coefBcient for wave-length 2600—1 06 
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Fig 2 Absorption curve of vitamm solution obtained from 76 mg, 
Intomational Standard Preparation m 5 e o buffer at pH 3 95 Maximum 
absorption occurred at 2550 A U , extinction ooefScient for n ave length 
2600=0 36 



Pig 3 Absorption curve of vitamm Bj solution obtamcd from 20 mn 
International Standard Preparation m 6 c o buffer at pH 7 0 Maximum 
absorption occurred at 2600 A XJ , extinction ooe£6cient for navelecetb 



Coefficient of aUinction Coefficieni of e%ttnciion 


Wave-length in Angstrom units { A.) 


■Fiff 4 Absorption curve of vitamin Bi solution obtained from 15 mg 
,a?dird PrfparaLu in 5 c c buder at pH 9 97 Maximum absorption occurred at 2650 
U , extinction coefiSciont for wave length 2600=1 25 



Fig 6 Absorption curve of vitamin Bj solution obtained from 10 ^ 2080 

Standard Preparation in 5 c c buffer at pH 12 36 Maximum absorption o 
A U , extinction coefficient for wave length 2600—100 
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Tables I and 11 give -\-ma\imiun at ditlerent levels of pH and the amount of 
the I S Preparatioii of \ itaniin that was treated with Sec bufier m each case 
In order to compare the observations at different levels of pH, the figures given in 
column 6 of both Tables, from which such comparison can be made, vere calculated 
from the observed data as set out in column 5 of the respective Tables 


Table I 

Giving the data of nine sjiectiograjdne observations made at 
levels of 2 )H langing fiom 1 2 <o 12 36 


Number 
of obser 
vation 

pH 

Wave length 
at 'whiob 
maximum 
absorption 
occurred 

Amount of 
the I S 
Prepara 
tion ex 
traded 
with 5 c c 
buEer, in 
mg 

Observed 
extinction 
coefficient 
for wave 
length 
2600 

Calculated 
extinction 
coefficient 
for 100 mg 

I S Prepa 
ration in 

6 0 0 buEer 
at wave length 
2600=solubi 
hty of the 
vitamin 

(1) 

(2) 

(3) 



(6) 

1 

1 20 

2500 

125 

1 06 

0 86 

2 

2 97 

2540 

125 

0 66 

0 46 

3 

3 95 

2650 

75 

0 36 

0 48 

4 

4 96 

2570 

60 

1 38 

2 76 

5 

6 80 

2690 

20 

0 69 

3 46 

b 

7 00 

2600 

20 

1 10 

6 50 

7 

8 91 

2620 

20 

1 50 

7 60 

8 

9 97 

2650 

16 

1 25 

8 33 

9 

12 36 

2680 

10 

1 00 

10 00 
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Studies on V'liaomn By 
Table II 


Giving the data of mnc spechogiajdnc observations made at 
levels of pH langing fiom 12 to 12 3G 


Number 
of obser 
vation 

pH 

Wa\ e length 
at winch 
ma\unum 
absorption 
occurred 

Amount of 
the I S 
Prepara- 
tion ex- 
tracted 
with 6 c 0 
bufier, in 
mg 

Observed 
extinction 
cocflicient 
for naic 
lengths 
at which 
maximum 
absorption 
occurred 

Calculated 
cxtmction 
coefficient 
for 100 mg 

I S Prepa- 
ration in 

5 c c buffer at 
X-maxima= 
Bolnbility of 
the vitamin 

(1) 

(2) 

(3) 

(4) 

(6) 

1 

(6) 

1 

1 20 

2600 

125 

1 2 

1 

1 

0 9G 

2 

2 97 

2510 

126 

1 

06 

0 48 

3 

3 95 

2550 

76 

04 

0 633 

4 

4 96 

2670 

60 

144 

2 88 

6 

6 8 

2690 

20 

0 7 

3 60 

6 

7 00 

2600 

20 

1 1 

6 60 

7 

8 91 

2620 

20 

1 62 

7 60 

8 

9 97 

2660 

16 

1 4 

9 33 

9 

12 36 

2680 

10 

1 12 

1120 


Tables I and II represent different methods of arriving at the 
efficients that would be given by 100 mg of the I S Preparation at the 
levels of pH In the first Table the calculation in each of the nine obseiva 
made for a wave-length of 2600 In the second Table it is made for e 
length at which mayimum absorption occurred tins wave-length 
2500 at pH 1 2 to 2680 at pH 12 36 It is difficult, m the present state ™ ^ 
ledge, to decide which is the more accurate procedure , we have according y 6^' 
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resulfcs arrived at by following botL piocedures It will be noted from a 
comparison of tlie figuies given m column fa of Table I with those m column 6 
III Table II, and of the cuives (Figs 7 and 8) illustratmg them, that there 
IS no great difference between the two sets of figures The differences are set 
out in Table III — 


Table III. 

Giving the calculated extinction coe^cients 
for 100 mg of the Intel national Standard 
Preparation in h cc buffer at wave-length 
2600 and at the wave-lengths at which 
maximum absorption occurred 


Number 
ol obsor 
vation 

pH 

1 

F\tinction 
coefficient 
at 4, U 
2600 

Extinction 
! coefficient 
at -wave- 
lengths 
at wbioh 
maximnin 
absorption 
occurred 

(1) 

(2) 

13) 

(4) 

I 

1 20 

0 86 

0 96 

2 

1 2 97 

0 46 

0 48 

3 

3 95 

0 48 

0 63 

4 

4 96 

2 76 

2 88 

6 

6 80 

3 46 

3 60 

6 

7 00 

6 60 

6 60 

7 

8 91 

7 50 

7 60 

8 

9 97 

8 33 

9 33 

9 

12 36 

10 00 

1120 



222 


Studies on Vitamin By 

Three curves have been drawn from the data given in Tables 1 and II (i) pH 
versus \-maximum (Fig 6) , and (n) Solubility versus pH (Figs 7 and 8) 

pH versus 'K-maxiimim (Fig G) — An examination of Fig 6 shows that with 
increase of pH fie, decrease of H-ion coiiccntiation) the absorption band shifts 
towards the longer w'ave-length and vice versa Smith (1928) in liis absorption 
work with uiic acid noted similar shifts of X-maximiim , so also did Hobday 
(1930) in his work W'lth guanine 



Pig 0 Sho-wing the relationship between shift lu wave length 
maximum and pH (columns 2 and 3, Table I) 


But their observations were not made over the whole range of pH and their 
data do not show any definite relation between the shifts of X-maximum and the 
change in pH The curve in Fig 6 is of a defimte character it seems to he a 
straight line and to indicate that the A-maximum for vitamin Bj shifts in propoi- 
tion to the change m pH So far as we are aware no mention of this shift in 
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wavc-lengtb lins lutlicrto been made w oibers { mploj mg spectrograpbic m^tbods 
for tbe stud)' of vjtamm Bj 

Sohtbihfy versus j>H (Figs 7 am! 6)— Smte tbe extinction coefficients, le, 
degrees of absorption, will be proporiion il to tbc quantit) of tbe vitamin that has 



7 Showing the solubihty of vitaimn B, froin International Standard Preparation at different pH-vnlnes 
(colnmns 2 and 6, Table I) Extinction coefiScicnts calculated for 2600 A U 


actually gone into solution, solubility is represented by the figures given in columns 
6 of Tables I and II From these figures it w ould seem that solubility of tbe 
vitamin (from the I S Preparation) is least between pH 3 and pH 4, that from 
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tins zone it increases slightly with dccieasing jiH and increases markedly with 
mcicasmg pH, 



Showing the soluhihty of vitamin Bj from International Standard Preparation ^sorption 

(column 2 and 6, Table H) Extinction coefficients calculated for v ave lengths at which maximum 
’ Note similarity between Eigs 7 and 8 


Elg 8 


ooourred 


Salmon, Guerrant and Hays (1928), in their biologi^l experiments with 

preparations of the vitamin B-complex adsorbed on Fuller s earth, 

1 
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optimal adsorption occuried at pH 1 dtor '>sing rapidly with iiicieasmg alhalimty 
and slowly with incicasing acidit> Oia icsiilts ire m conformity with those 
of these observers Further, Liniui'-ltr, O’Biien and Peters (1933), in 
preparing their crystalline product of 'vifamm Bj, have found that optimum 
crystalliration takes place at pH 3 All thi j rf-ults suggest that the iso-electric 
point of vitamin lies between pH 3 0 aatl pH 4 0 and not above pH 8 6 as has 
been suggested by Birch and Guha (1931) 

Slandard Solidion of Vitamin Bj iua\ he jnepaied from the Kaolin adsorbate 
(I S Preparation) in the vay shown m Tabh-j IV and V — 


Table IV 


pH 

Extinction 
coefficient 
for one unit 
{10 mg) 

I S P in 

6 c c medium, 
atA U 2600 

Quantity of I S P 
(mg ) needed to 
give the name con 
centrntion olvita 
mmEjat different 
levels of pH 

120 

0 086 

64 71 

2 97 

0 046 

122 22 

3 03 

0 032 

17187 

3 95 

0 048 

114 69 

4'96 

0 276 

19 92 

6 80 

0 346 

15 94 

7 00 

0 650 

10 00 The’Intema 
' tional unit 

8 91 

0 760 

7 33 

9*97 

0 833 

6 60 

12 36 

1000 

6 60 


Table IV has been prepared from the figures given in the last column of Table I , 
and Table V from those given in the last column of Table II It wall be noted that 
there is no great drSerence betw^een them {cj Figs 9 and 10) 




Quantity of International Standard 
Preparation Vttamin-Bj 
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Studies 07 } Vitamin 

The International unit of vitamin Bj was taken as the basis of the calculations 
This unit IS defined'* as the ‘ anti-neuntic activit} of 10 milligrams of the Interna- 
tional Standard Preparation ’ It vill be noted from Tables I and II that the co- 
efficient representing the amount of vitamin Bi passing into solution from 10 units 
(100 mg ) of the I S Prep.iration in 5 c c of uatei at pH 7 is 5 50 , it is, therefore, 


ISCH 


( 60 - 

140 - 

120 - 

IDQ- 

80 - 

60 - 


40-1 


20-i 


T 1 1 1 r I r 

1 2 3 4 5 6 7 


X 

8 


T 

3 


“T 

10 


11 


r 

iz 


-r 

13 


pH values 

Fig 9 Quantity of International Standard Prepaiation of vitamin B, that lias to be used at Afferent 
of pH to give the same amount of vitamin B, in solution that is obtained n ith one International unit (i e , o 
of the Preparation at pH 7 0 (sec Table IV) 



0 55 for one unit (10 mg ) at this level of pH (approximately that of ordinary watei) 
But the coefficient of solubility varies with pH , being as low as 0 032 to 0 034 per 
unit at pH 3 53 and as high as 1 0 to 1 12 at pH 12 36 (columns 2, Table Iv an 


* League of Nations Health Organization (1932) Memorandum on the Standard Preparation of 
Anti neuntio Vitamin B, 
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Tabic V) Tn order, then, to £;rt tbe swo roiiccntiation of tin vitamin at different 
icvclsof pHas tliat m water at pH”, niotf m leis of 1 be I S Preparation is needed 
according as the coefficient of ^olubiln > <il the vitamin is lovver or higher The 
actual quantities (Q) of the I S Prep, a >tion that are ntcded foi this purpose at 



of w" Quantity of International StandardfP reparation of vitamm B, that haa to he used nt different levels 
^ ^ same amount of vitamin B, in solution that is obtained mth one International nnit (i o . 10 me 1 of 

Hio Preparation at pH 7 07{«c Table V) i . mg 1 oi 


different levels of pH are given m the third column of either Table IV or V according 
to which method of calculation is accepted They arc arrived at by the 

formula = Q , where u IS the coefficient of solubility in water at pH 7 0 
and c that at the given pH 
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In order to test the nccuracy of tlicse quantities, solutions of the vitamm 1116 c c. 
of medium ■vrere made from tJicm at t)ic lev els of pH sliomi in column 1 of Table IV, 
These solutions were then subjected to spcctrophotomctric examination and absorp 
tioii curves pieparcd foi each The similarity of all these curves was striking , five 

Table V 


pH 

Extinction 
cocfiiciont 
for ono unit 
(10 mg 

I S P in 

5 0 0 

medium) at 
X-maximum 

1 

1 

1 Qinvntit} of I S P 
(mg ) nccclod to 

1 giro tho same con 
, contration of vita 

1 mm B, at dilToicnt 

Jorols of pH 

1 20 

0 096 

57 290 

2 91 

0 048 

111 5S0 

I 

3 63 

0 0343 

1 

160 349 

3 96 

0 0533 

103 190 

4*96 

0 288 

19 097 

5 80 

0 350 

16 714 

7 00 

0 55 

10 CO Tho Intema- 
tional^unit 

8 91 

0 76 

7 237 

9 97 

0 93 

6 914 

12 30 

1 12 

4 910 


of them (Figs 11, 12, 13, 14 and 15) are reproduced for illustrative purposes 
Bloieover, the extinction coefficients at wave-length 2600 A U were in all cases 
practically the same , the amount of variation from that (0 55) of the solution at 
pH 7 being only ± 0 03 It is clear, therefore, that the figures given m the third 
column of Table IV are approximately correct 
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Fig 13 Absorpfion curve of vitamin Bj solution obtained from 172 mg 
lutcrnational Standard Preparation in 5 c c buffer at pH 3 53 MaximuTO 
occurred at 2350 A U , extinction coofBcient for wave length 

2600=0 56 



Fig 14 Absoiption curve of vitamin Bj solution obtained from 10 mg 
International Standard Preparation (i e , one umt) in 5 c o huger at pH 7 0 
Maximum absorption occurred at 2600 A U , extinction coefficient for wave 
length 2600-=0 56 
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Summary 

(1) A relation between the solubility of vitamin Bj (from the International 
Standard Preparation) and pH has been found , solubility is at its minimum 
it about pH 3 6 , it increases slightly with increasing acidity and rapidly with 
increasing alkalinity 

(2) The X-maximum shifts with pH and the relation of the one to the other is 
represented by a straight line with rising pH the shift is towards a longer wave- 
length, with falling pH it is towards a shorter 

(3) The iso-electric point of Mtamm seems to be about pH 3 6 

(4) A method of obtaining standard solutions of vitamin Bj from the Interna- 
tional Standard Preparation is described 


We desire to express our indebtedness to Sir Robert McCarrison for his help 
at every stage of this work 
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to accept the conclusion of Bircli and Gtilin that tlie isoelectric point of vitamin B] 
IS at a liydrogen-ion conccntiation above 8 5 


Method of investigation 

The method of investigation adopted by us was that of electrophoresis of a 
suspension of the Inlcinational Standard Frcp/iiniion of vjtnmin Bj at levels of pH 
ranging from 1 04 to 13 07 Our objects were to dcteimine the direction of migra- 
tion of the vitamin at diflerent levels of pll, the quantity migrating (oi the velocity 
of migration) and the h 3 ulrogen-ion concentration at uhich the migration of the 
vitamm changed its diiection (the isoelectric point) In all our experiments ve 
used a suspension — made up of 600 milligrams of tlie above Preparation in 5 c c 
buffer of the required pH, thus ensuring that, whatever the level of pH, vitamin Bj 
was always in excess in the medium Two means of achiex’-iiig our objects were 
open to us the so-called ‘using bouiidaiy^ method’, and the spectrogiapLic 
method We have employed both , but vheieas the former was of use foi qiiahta- 
tive estimation, it was found to be impracticable foi quantitative estimations 
Vitamin Bi, as present in the Intel national Standard Prepaiation, is adsorbed on 
kaolin On the subjection of a suspension of this adsorbate to electrophoresis a 
faintly turbid and slowly ascending stream was seen to pass up the side-arm of the 
positive cell of oui apparatus The turbidity was no doubt due to particles of 
kaolin on which the vitamin was adsoibed But this phenomenon was visible 
to the unaided naked eye only on the alkaline side of pH 7 , moreover, the uppe^ 
boundary of the turbidity was not clearly defined and could not be accurately 
measured On the acid side of pH 7 no such turbidity was apparent , yet, with the 
aid of a powerful beam of light and a reading lens, a Tyndal phenomenon could he 
observed in the apparently clear fluid in the side-arms of the electrophoretic cells 
This phenomenon was probably due to minute particles of kaolin, coated with the 
vitamin, streaming up the side-arm of the particular cell mto which migration was 
occurring Although it was impossible metiically to estimate the amount of 
migration yet this method of observation yielded interesting results (vtde wjra) 
We have relied, therefore, on the spectrograph for the full attainment of onr object'^ 
The electrophoresis apparatus'*' we employed was that used in the work on the 
virus of Babies (Sankaran et al , 1934c) It was slightly modified to suit our present 
purpose The modification consisted in the attachment of a short length of cali- 
brated glass-tubing to the upper end of each cell (Text-figure) , a glass-tap A being 
fitted to the top of each prolongation These prolongations were marked as 
indicated m the figure a, b and c on the negative cell and Oi, hi and C| on the 
positive cell , the gradings being identical in each The object of these marhmgs 
was to ensure that precisely the same amount of fluid could be withdrawn from 
each cell for spectrographic examination following electrophoresis of the suspen- 
sions 

Prior to electrophoresis each cell is thoroughly cleansed and the agar gel seal 
B renewed The cells are then filled with buffer of the required pH , the level of 
the buffer being accurately adjusted to the marks a and cj The side-arms C of tlie 


* For full descnption thereof seo Ind Jour Med lies , Apnl, 1934, p 909 
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VITAMIN-B, 

Text figuke 

Showing electrophorosis apparatus and electrical connexions For descriptions see text 
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two cells are then immersed in the suspension , the suspension being made up m 
buffer of the same pH as that filling the cells The current is then turned on and 
allowed to run for a fixed length of time The same strength of current — two 
milliampg — was used m all our experiments This was ensured by including in the 
circuit a variable resistance to give the same deflection of a galvanometer needle 
The current gave rise to no gcneiation of heat The duration of its passage varied 
in different experiments from 45 minutes to 4]^ liours The reason for this varia- 
tion will presently appear At the end of the required period the two cells are 
removed from the circuit , only after their removal is the current switched ofi 
The side-arms of the cells are then carefully vipcd with filter-paper , the taps at A 
are opened and the contents of the cells arc run out until their level reaches the 
points at b and by The fluid so run out is discarded A measured quantity of the 
contents of both cells is then collected in appropriate vessels This is done by 
allowing their contents to run out until the level reaches the point c or Cy as the ca-e 
may be By this procedure equal amounts of material from the side-arms of the 
two cells are obtained for spectrographic study 

The amount of vitamin collected in this w'ay in a fixed time is a measure of 
the velocity of migration , and accurate estimation of this amount gives a numerical 
value to this velocity For this estimation we have relied on the property of vitamm 
Bj to absorb ultra-violet ligiit at A U 2600 The extinction coefficients at th^ 
wave-length and at wave-lengths of absorption maxima at different levels of pH 
are used as measures of the amount of vitamin that has migrated either to the 
cathode or to the anode Full details of the spectrographic procedure are given m 
the preceding paper (Sankaran and De, loc cit ) 

In order to satisfy ourselves that reliance could be placed on the property of 
vitamin Bj to absorb ultra-violet light at wave-length A U 2600, we adopted 
the following procedures — 

(a) A concentrate of the vitamin wms prepared* from rice-polishings after 

the manner of Jansen and Donath (1927) Spectrographic examina- 
tion of this concentrate m buffer of pH 7 0 and in normal NaOH 
solution gave absorption maxima at A U 2600 and 2730 respectively 
(Figs 1 and 2) , thus agreeing well with our previous findings for 
the International Standard Preparation (Sankaran and De, loc ch ) 

(b) Vitamin B^ is said to be destroyed by boiling in N/ 2 NaOH solution 

for one hour (Kinnersley and Peters, 1928) , the biological test being 
used to determine its destruction We, therefore, boiled the Interna- 
tional Standard Preparation as well as the above-mentioned concen- 
trate of vitamm Bj in normal NaOH for one hour , which treatment, 
it may be assumed, destroyed all vitamin Bj We then subjected 
both to spectrographic examination and found that both gave 
identical absorption maxima at A U 2810 (Figs 3 and 4) So that 
the substance absorbing light at this wave-length is not vitamin By, 
though it may be a product of its disintegration The questions 
raised by this observation are interesting but outside the scope of 
the present paper 


* Bj Mr S Rangaimthrtn of tht Chemicnl Department of theso Laboratories 
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Tig 1 Absorption curvo ot vitamin concontrnto prepared in this laboratory according 
to Jansen and Donatli’s method at pH 7 0 



fig 2 Absorption curve of the vitamin concentrate in normal AaOH 
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Wave-length in Angstrom units (A) 

Fig 3 Absorption curve of the International Standard Preparation after boiling for one 
hour mth normal NaOH 



Fig 4 Absorption curve of the vitamin concentrate after boiling for one hour in 
normal NaOH 


We conclude from the results of these procedures that the spectrogiaphic 
method of estimating vitamin Bi can be confidently relied upon, provided duo 
count IS taken of the shift in wave-length, consequent on change of pH, at uhicii 
maximum absorption occurs (Sankaran and De, loc cit ) 
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Electrophoicsjs {'xpenments • 

Wc ha\c pcrfoimcd the clectroplioiobib tiuouglioiit tlic whole range of available 
buffers These buflois weic made up actoidmg to the details given by Clark (1920) 
We were restricted to the use of borate, oiliate and phosphates, since these do not 
absorb ultri-violet light Glycocol and phthalate could not be used as they com- 
pletely absorb the bght waves in the uUra- violet region Observations were made 
at 16 levels of pH, ranging from 1 01 to 13 07 , thus practically covering the whole 
range of hydrogen-ion concentration that is of any significance in work of this nature 
It was necessary to can}’- out repeat experiments at certain levels of pH , so that we 
have in all made 24 observations 

On the acid side of pH 7 electrophoresis was continued for over 4 hours since 
the migration velocities were very slow' , and with shorter exposures to the electric 
current enough of the migrated vitamin could not be obtained to give satisfactory 
absorption curve maxima Failure to got a complete curve for quantitative pur- 
poses was one of the causes of repeat observations at acid levels of pH On the 
alkaline side of pH 7 we found that absorption w'as more and moie complete with 
increasing pH, and here again repeat observations were necessary m order to secure 
complete absorption curves Wc adopted two methods to secure satisfactory 
curves at high levels of pH (a) electrophoresis for a shorter time — as short as 45 
minutes at pH 13 07 , and {h) dilution of the fluid obtained from the side-arm of 
the positive cell — as much as 27 times at pH 12 38 Either method gave satisfac- 
tory, and both methods gave like, results All migration-values were calculated 
for a standard period of electrophoresis and for a standard volume of medium , 
namely, 4 hours and no dilution The resultant values, set out in columns 7 
of Tables I and II, are comparable one with another inasmuch as the strength of 
the eurrent was the same in all cases The experiments were earned out at the 
ordinary temperature of this Laboratory , this did not vary to any significant 
extent, the minimum being ISfO and the maximum 20°0 


The results 

These may be considered under two headings naked-eye observations and 
spectrographic observations 

Naked-eye observations — Reference has already been made to these and to 
their hmitations The migration of the vitamin in solution cannot, of course, be 
observed with the naked eye But when adsorbed on kaobn it is possible to observe 
the direction of migration, though not to estimate its quantity The ascending 
turbidity in the side-arm of the positive cell, when alkabne buffers are in use, makes 
such observation easy , and the Tyndal phenomenon m the apparently clear contents 
of the side-arms, when acid buffers are in use, is readily revealed by the beam of a 
Pointolite In all our experiments we have watched the direction of migration in 
these ways It was noted that from pH 4 45 to pH 13 07 migration w'as alway s 
towards the positive pole , from pH 1 04 to pH 1 42 it was alw'ays towards the 
negative pole From pH 1 92 to pH 3 95 migration towards both poles was some- 
times, though not always, observed 

Spectrogra2)hic observations — ^In all our experiments material collected in the 
''ay described, both from the side-aim of the positive cell and from that of the 
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Columns 7 of Tables I and II give the calculated extinction coefficients 
for A U 2600 and for wave-lengths of maximum absorption*, corresponding to 
the absorption that would be given by the undiluted contents of the respective 
cells after four hours electrophoresis That is to say, they represent the quantity 
of vitamin Bj that would migrate in the given time towards either anode or cathode 
Diagrams of these coefficients in relation to pH are given in Figs 5 and 6 It will 
be noted that at pH 2 97 no migration occurred either towards the positive or toward 
the negative pole , that below this level of pH and down to pH 1 93 migration 
occurred towards both poles , that above this level of pH and up to pH 3 95 bipolar 
migration also occurred , that below pH 1 93 migration was always towards the 


* For reasons stated in the preceding paper the extinction coefficients have been calculated both 
lor vave length 2G00 and for wave lengths of maximum absorption 
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negative pole , and that above pll 3 95 it was nlwa}s tovarcls the positive pole, 
its velocity inci easing vith inci easing alkalinity At the range of pH between 1 93 



pH values 

Fig 5 Showing migration of vitamin B, (International Standard Preparation) at levels of pH 
from 1 04 to 13 07 {see Table I) , extinction coefficients calculated at A U 2C00 
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and 3 95 wc have been at paiiife to confirm tins phenomenon of bipolar migration by 
observations made at inteivals of 0 0 pll, and to verify them by repeat experiments 



Wave-length in Angstrom units fM 

Fig 7 Absorption curve given by material irom positive cell at pH 13 07 Migration 
occurred towards positive pole only 



Fig 8 Absorption curve given fay matcnal from the negative cell at pH 1 04 
Migration occurred towards negative polo only 


Tigs 7 and 8 are representative curves of absorption yielded by buffer ■wherein 
migration had occurred towards the positive and negative poles respectively 



Plate WI 



(x2) of material obtamed from both 
raatenal from oegative pole only 


cells at pH 1 42 


Absorption occurred' in 
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+ = Migration to positive pole — = Migration to negative pole 


Fig 11 Showing migration of vitamin Bi (International Standard Preparation) at pH 
levels from 1 93 to 3 95 Lines of best fit joining extremes of bipolar migration intersect at 
about pH 3 on line of zero velocity (see Table I) 


Conclusion 

The results here recorded show clearly that vitamin Bj behaves as an 
amphoteric electrolyte Regarding the actual value of the isoelectric point the 
bipolar migration over a range of 2 0 pH-units makes the problem perplexing , for 
it introduces the possibility that vitamin Bj, as contained in the International 
Standard Preparation, is not a pure substance but a complex of substances 
Similar bipolar migration has been observed by Geiger (1931) when working with . 
oxyhaemoglobin , while Howitt and Prideaux (1932) refer to Reiner (1927)'*' as 
hanng spoken of a broad ‘ isoelectric zone ’ in connexion ivith serum globulin 
According to these observers the substances with which they -were dealing ivere not 


* Reference not available in Coonoor 
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Within recent years much work has been done on the iodine-content of various 
food-stuffs notably by Fellenberg in Switzerland, by Hercus and his co-workers 
in New Zealand and by McClendon in the United States of America From the 
data thus provided Orr and Leitch (1929) have concluded that the minimum quan- 
tity of iodine required for equilibrium by an adult male is 15y per day and by a 
child about 50y , but to provide a fair margin of safety, for such factors as exercise 
and excitement, an adult male is stated to require 45y and a child 160y of iodine 
per day Josephus Jitta (1933) considers that a daily intake of 120y of iodine is 
just sufficient to prevent the appearance of goitre m school children According to 
Cameron (1932) a man’s requirement is at least 35y to 70y of iodine per day He 
further states that ‘ in many parts of the world diets may not contain even this 
minute trace, in which case a large proportion of children and young adolescents 
develop simple goitre ’ McClendon (1933), as a result of his study of the world 
distribution of goitre, considers that Japan is the only non-goitrous country , the 
incidence being as low as one per million He states that as sea-weeds, containing 
at least 1,000 times as much iodine as any other foods, are constant constituents of 
the diet of the Japanese, their average daily intake of iodine is easily double that of 
any other people In view of these observations and of the conclusions that have 
been drawn from them it was thought desirable to determine the amounts of iodine 
contained in some of the commoner food-studs of India 

Technique 

Iodine was estimated by the improved micro-method described in a previous 
paper (Patnaik, 1933) This method involves the use of pure K MnO^ But even 
the purest samples of the salt, as received in bottles from the manufacturer, invari- 
ably contain traces of lodme amounting m some samples to as much as 6y per 
kg To get rid of this lodme it has been found necessary to recrystalh/e the per- 
manganate The method previously adopted of estimating iodine m K MnO^ was 
as follows — 

Fifty grammes of K MnOj, after reduction with eth>l alcohol in alkaline medium 
were filtered quantitatively through a Buchner funnel The clear filtrate was 

{ 249 ) 
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evaporated to dryness in five nickel dishes after the addition to each dish of 3 g of 
KoCOa and 0 2 g of cane-sugar After incinerating tins lesidue, extraction of the 
iodide with alcohol and colorimetric estimation of iodine v ere carried out as usual 
In this method the amount of ash left in the dishes after incineration was found to 
be considerable , because, on the whole, as much as 15 g of K0CO3 were added to 
prevent melting of the mass during incineration If only very little K 2 CO 3 was 
added instead of 15 g the mass became fluid and would seldom set well for alcoholic 
extraction The increase in the bulk of the ash, consequent on the use of greater 
quantities of K2CO3 was, therefore, inevitable To avoid such an increase in the 
Inilk the method used in the present investigation was modified as detailed 
below — 

One hundred grammes of pure K Mn04 were dissolved in a litre of hot 
distilled water contained in a porcelain cvaporatmg basin and 10 c c of a ten per 
cent solution of KOH were added The permanganate was then reduced by 
the gradual addition of 20 g to 22 g of cane-sugar Thereafter the solution 
was filtered through a Buchner funnel The residue was washed several 
times with distilled water and finally it was washed thrice with absolute 
alcohol , 5 c c being used at each washing The clear filtrate was then evaporated 
with 2 g of K2CO3 to about 50 c c over an evaporating basin This solution 
was distributed between two nickel dishes, evaporated to dryness and slowl} 
ignited at below red-heat until the whole of the organic smell disappeared 
During incineration, the mass, unlike that in the previous method, easily 
yielded a smooth powder without any further addition of K2CO3 The paste 
got out of this powder was found to set as w'ell for alcoholic extraction as in 
the case of food-stufis The rest of the processes of extraction, clarification and 
estimation remained the same 

In all other respects the method of lodine-determination m food-stuffs was 
that previously described (Patnaik, loc c^f ) This method has, m my hands, proved 
to be more accurate and more convenient than others, especially when relatively 
large charges of the materials to be estimated are used It is obviously well to use 
as large charges as possible so as to secure the highest yield of iodine for colorimetric 
estimation 

A list of 100 Indian food-stuffs whose iodine-content was determined by the 
above means is given below The vernacular names [Hindi (H), Bengali (B), Tamil 
(Tm), Telugu (T), Malayalam (M), Canarese (C) and Oiiya (0)] of these food-stuffs 
are given 111 addition to the English and botanical names 


Results. 

The results of these analyses show that iodine is present in all the Indian food- 
stuffs but that the amount varies not only in different food-stuffs but in different 
samples of the same food-stuff In general cereals contain from 18y to G5y of 
iodine per kg , millets from 12 4y to lOly , pulses from 22 5y to 33 8y , oil-seeds and 
nuts from 6 9y to 45 ly , root vegetables from 4 5y to 17 5y , garden produce and 
green vegetables from 4 5y to 77 7y , condiments and spices from zeroy to 607y , 
dairy, fishery and farm products from 18y to 5,505y , and, narcotics, intoxicants 
and other miscellaneous products from zeroy to 169y 


Gmng the lodme-content of 100 Indian foodstuffs 
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The Todvie-Coiiioif of huhan Food-Siiiffs. 


Tlie following variations in different samples of the same food-stuff were noted 
nee from 18 I y to 31 6y per leg , wheat from 22 8y to 27 Oy , gram from 22 5y to 
33 8y , mango from 9y to 16 4y, plantain from 5 6y to 9y , amaranth from 
11 3y to 56 3y , beans fiom 4 7y to 11 3y , and gourds from 4 6y to 11 3y A 
remarkable result is that the iodine-content of the outer leaves of cabbage is 
different in winter from that in summer , being much greater at the latter season 
(77 7y as compared with 14y) Further, the inner leaves of cabbage contain mucli 
less iodine than the outer leaves during tlie summer but not during the winter 
months an observation which may have a bearing on the seasonal variation 
noted in the goitrogenic potency of cabbage (McCarrison, 1931) 

It IS further to be noted that many condiments in use in India are rich in iodine, 
notably ginger, cumin, coriander, black pcppei and cloves Eggs are relatively 
rich in iodine, the yolk containing more than twice as much as the white It is to 
be noted also that goat’s milk contains more than twice as much iodine as cow’s or 
buffalo’s milk Yeast is relatively rich m iodine, while a proprietary preparation 
of vitamin A was found to contain traces of it One interesting finding is that 
tobacco contains lelativel) large amounts of iodine 

Comments on the relation of the iodine-content of certain Indian 
diets to the occurrence of goitre 

From the above estimations it is possible to compute the approximate iodine- 
contents of certain national diets of India that of the Siklis, Mahrattas, Pathans, 
Gurkhas, Canerese, Bengalis and Madrasis (McCarrison, 1927) These compiita 
tions aie as follows . — 

Table II 


Givinq the ajJ’pioxvmate lod-ine-conteiit of certain 
national diet-s of India 


Diet 

number 

Diet 

1 Calorific 

' value 

j (calories) 

Iodine content jicr 
head per da'v 

1 

Sikh diet 

1 2 670 

30y 

2 

Mahratta diet 

' 2,560 

36y to 66y 01 Sly 

3 

Pathau diet | 

2,860 

23y 

4 

Gurkha diet ^ 

2,870 

35y to 70y or 52 6jy 

5 

Canarese diet | 

t 2,600 

65Y 

G 

Bengali diet 

2,680 

40y 

7 

Madrasi diet 

2,600 

28y 


It will be noted that in diet Nos 1, 3, 6 and 7 the iodine-content does not reach 
the level (45y) stated by Orr and Leitch (1929) to be necessary for safety , yet 
goitre IS very rare in Madras and in paits of Bengal (McCarrison, 1916) 

Further data relating to the lodine-intake of Madrasi children, living in this 
neighbourhood (Coonoor) and who are free from goitre, are as follows * — 



Giving the approximate lodine-intake of Madrasi child) en in the neiglibouihood of Coonoor 
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Tl\e J odjne-Coniovi of Jiidntv Food-Shijfs 


Tliese obseiv.atjons show tliat tlie lodine-intakc of infants, living m the neigh- 
bourhood of Coonoor, vanes from 18y to 37y pci day and tliat of school children 
up to the age of six yeais fiom 18y to 27y They further shoi\ that boys and girls 
between the ages of 12 and 18 years, living on vegetarian diets, consume only 20 y 
to 33y of iodine daily , while the intake in non-vcgetanans vanes from 267 to 
103y 

If the minimum requirement of iodine is, indeed, that laid down by On and 
Leitch, namely, 45y for adults and 150y for children of school age, then it is apparent 
from the above data that the intake of iodine by many children and adults m India 
falls far short of these requirements In the Presidency of Madras, for example, 
the lodme-intake of the average adult — as in my own case — is only 28y Further, 
the incidence of goitre in the vegetarian boys of Coonoor, whose age is round about 
fourteen, is nil, although their consumption of iodine is, on an average only Sly 
per day From these observations it is apparent that the intake of iodine m 
amounts considerably less than those reputed to be necessary for the prevention of 
goitre IS not associated with the occurrence of the disease in people of this localit} 
(Coonoor) 


This investigation was undertaken at the suggestion of Sir Robert McCarrison 
and under his direction I desire to express my indebtedness to him for his continued 
help and advice tluoughoiit its coiirso 
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SOME COMMON INDIG-ENOUS REMEDIES 

BT 

Likut -Colonel R N CHOPRA, m a , m d (Cantab), c i e , i m s , 
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SUDHAMOY GHOSH, d sc , f r s e 
{From Ihe Dapirlments of Phaimaeology a.nd Ghevnstrij, School of 
Tropical Medicine, Calcutta ) 

Indigenous Drugs, I R F A , Series, No 52 

[Received for publication, April 9, 1934] 

In tins paper we have given a brief description of the studies cairied on by us 
during the past 2 or 3 years on the chemical composition, pharmacological action 
and therapeutic pioperties of some of the common remedies used m Indian 
indigenous medicine Although these plants are largely used m many parts of 
India, oui studies show that they do not contain sufficient quantities of 
physiologically active substances to produce marked therapeutic effects In some 
cases bitters and traces of alkaloids have been found In this paper we have 
given a brief description embodying the result of our investigations 

PICRORHIZA KURROOA, BENTH 
(With A T DTJTT, b sc ) 

This plant belongs to the Natural Order Scroplmlannem and grows throughout 
the Alpine Himalaya from Kashmir to Sdckim It is a low herb with a perennial 
woody, bitter stock The root stock is nearly as thick as the little finger, 6 to 10 
inches long The plant is known in Sanskrit as Katula, m Bengali and Hindi as 
Raiki, in Tamil as Katula-vogani, in the Punjab as Karru, in Guzerat as Kadu and 
m Bombay as Balaladu The root is described as bitter, stomachic and in large 
doses cathartic It is used in fever, dyspepsia and in nervous pain of the stomach 
and bowels It is also used as an antiperiodic and a stomachic tome Moodeen 
Sheriff recommends a strong decoction of the drug 3 or I times a day continued for 
3 or 4 days m cases of dropsy It produced copious watery evacuations and 
J, MR ( 263 ) 5 
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decreased oedema of tissues It lias also been lecommcndcd in tlie ticatmcnt of 
malarial fevei Tlie ding was admitted into the Indian and Colonial Addencliun 
of the British Pliarmacopoeia 

Tlio roots were examined clicmicallv by Dyniock, Warden find Hooper (1893) and they isolated 
n wax, a bitter principle, mIiicIi tliei, designated ns Picrorlnzin, cntbartic acid and other organic 
acids Later, Gliosbal (1912) examined the diug and studied its pharmacological action in detail 
He stated that the action o! the drug iv as due to the bitter principle, that it had no poisonous 
action and that it increased the gastric secretion It also diminished the force of the heart beat 
and hence might bo used in febrile eases, the beneficial effect bi ing duo to the reduction of blood 
pressure It had n mild laxative action due to the presence of cathartic acid 

As it 13 commonly used in indigenous medicine, w o re investigated its chemical composition 
and isolated the bitter principle in a pure state 

Chemical ccamination — The pondered root uas extracted successively with petroleum ether, 
sulphuric other, absolute alcohol and water, the solvents were removed and the residue dried and 
weighed Petroleum ether extracted 1 49 per cent, sulphuric ether 3 45 per cent, absolute alcohol 
32 42 per cent and water 8 4G per cent of the u eight of dry* powder The petroleum ether extract 
contained a fatty oil, a waxy substance, phytostcrol and faint traces of a basic substance The 
sulplimio ether extract contained organic acick, small amounts of a bitter substance and 1 79 per 
cent of arcsMious substance The alcoholic extract contained besides the main bulk of the bitter 
substance, organic acids and resinous substances The aqueous extract contained sugar and inorgamo 
substances containing a fair amount of calcium salts No alkaloid could bo detected in the other 
extracts 

Isolation and purification of the bitter substance (a qlucobide) — The powdered root was 
continuously with rectified spirit in a percolator at room tomjicraturo until exhausted ihe 
alcoholic extract was mixed with some CaCO, and the alcohol recovered under reduced pressure iho 
residue was then dissolved in water, filtered and the filtrate was first precipitated with neutral leaa 
acetate The precipitate was filteicd off and the filtrate was precipitated with basic lend acetate •Iup 
latter precipitate was filtered, washed thorouglily and dried The dry precipitate w as fiuelj' pow “^2 
suspended in absolute alcohol and decomposed by H„S The filtrate from PbS was freed from WjO 
by a current of CO. It was filtered and the alcohol was removed from the filtrate by concentration 
in vacuo The residue was tborouglilydnedm a vacuum desiccator It was then dissolved in absoiii 
alcohol and precipitated with dry ether The process was repeated 3 or 4 times until tlie Wt 
glucoside was obtained as a cream coloured amorphous pow der We could not obtain itin a crystal i 
stale The yield was nearly 26 6 per cent The bitter glucosido was freely soluble in alcohol, ’ 

acetic ether and hot water It was fairly soluble in cold water but insoluble in ether, emoro or 
beuzene and petroleum ether It had no defimto melting point and was very hygroscopic Itstiow 

a specific rotation, [a]^ = — 100° in aqueous solution Concentrated HoSO^ produced a deep brown 

coloration which changed to blood red and concentrated HNO^ produced a deep yellow 
hydrolysis it produced about 31 per cent of an insoluble black substance and the . 

hydrolysis was identified as glucose by the melting point of the osa/one found 
of the molecular weight by the elevation of the boiling point of alcohol did not lead to any 
oonclusion The elementary analysis gave the following figures — 

Carbon 63 37, 53 20, 63 13, 63 23 

Hydrogen 6 69, 6 73, 6 92, 6 82 


It did not contain any nitrogen 

The glucoside was acetylatcd with acetic anhydride The acetyl derivative showed the molting 
point 81 8°C Its weight by the freezing point depression iii benzene gave the average value ol o 


PharDvacological action — The pharmacological action of the pure glucosi c 
was investigated but it showed no marked physiological activity The decrease in 
the force of the heart-beat observed by Ghoshal {loc cit) could not be oh tame ^ 
unless very large doses of the glucoside were admimstcred Picrorhiza roo 
contains considerable quantities of this bitter glucoside and its therapeutic e ec 
like that of gentian depends much on this bitter principle It can form a goo 
substitute for gentian and other bitters in use in the pharmacopoeias of wes en 
countries 
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ERYTHRINA INDIGA 
(With B N SEN ) 

The plant is known as the Indian coral tree, Parijata (Sanskrit), Pangra (Hindi), 
Palila-7)iand'ir{Beaga\i), Kaliyana m'uruLku(Tami\), Pangai a (Mar ), Pararoo (Gur ) 
and belongs to the Natural Order Legwmnosce The tree is 9 to 18 feet high and 
grows all over India and bears red flowers in the month of February and March 
The bark has small fissured corky lenticles arranged in perpendicular rows On 
rubbing off the superflcial layer a green surface is exposed The outer portion of 
the bark is granular and brittle, the inner consists of numerous interlaced layers of 
outei liber cells so arranged as to form a network 

The plant has long been known to Hindu physicians for its medicinal 
properties The leaves, juice and the bark are used in medicine The leaves are 
said to be laxative, diuretic, aphrodisiac, galactagogue and emmenagogne With 
coco-nut milk they are used as a galactagogue They are used to kill worms in sores 
and are applied externally to disperse venereal buboes and to relieve pain in the 
joints It IS an anthelmintic and is useful as a colly rium in conjunctivitis The 
bark is astringent and is given in dysentery and fever, it is also said to have 
febrifuge and antibilious properties Core and Lejaune {Resume de la Mat Med 
Golonmle) stated that the bark is expectorant and febrifuge, the leaves laxative and 
diuretic The first physiological experiment was made by Bochefontaine and 
Rey (1881) who arrived at the conclusion that the drug acts upon the central 
nervous system so as to diminish its functions 

According to Dymock, Warden and Hooper (1890) the hark contains two res ns, the one soluble 
and the other insoluble m dilute alkalis and a bitter alkaloid An alkaloid giving a crystalline hydro 
chloride was isolated by Allamirano (1SS9) in the same tree growing in Mexico and he recommended 
it as an antidote against strychnine According to this worker with previous admiiustration m six 
decigram doses ol erythine poisonous doses ot strychnine could be taken without danger 

As the bark is largely used in indigenous medicine we re examined it to isolate any active pnnciple 
to which the above medicinal value might be attributed 

Chemical composilion — An assay o£ the total alkaloids in the baik showed the presence of 0 05 
per cent ot alkaloids Five hundred g ot the bark were successively extracted with petroleum ether 
(B P 35°C to 70°O ), ether and absolute alcohol and after distilling oS the solvents the extracts w ere 
dned m a desiccator, weighed and separately examined Petroleum ether extracted 0 60 per cent , 
ether extracted 2 03 per cent and absolute alcohol extracted 3 14 per cent 

The petroleum ether extract was re dissolved in 300 c c of petroleum ether (35°C to TO^C ) and 
shaken with water, acidulated water 5 per cent sodium carbonate solution and 5 per cent caustic soda 
solution The aqueous extract did not show the presence of tannuis (feme chloride test), glucosidcs 
or carbohydrates (with a-naphthol and sulphuric acid) The acid aqueous extract did not give 
any test for alkaloids The Na.COj and NaOH extracts were acidified and shaken with petroleum 
ether from which some fatty acids semi solid at the ordinary temperature, were obtained After it 
was subjected to the above process the petroleum ether solution of the petroleum ether extract gave 
some fatty oils 

The ether extract was treated in the way described above and showed the presence of chlorophyll 
and traces of alkaloids 

As the absolute alcoholic and 70 jier cent alcoholic extracts showed the presence of similar sub 
stances both wore worked together It was found that from the absolute alcoholic solutions, substances 
separated on coohng which proved to bo KGl and K^COj The joint extracts were then repeatedly 
shaken with one per cent hydroclilono acid till exhausted of alkaloids and on adding more acid resins 
separated which wore filtered off The solution was neutralized, filtered, excess of ammoma added 
and repeatedly shaken w ith chloroform A quantity of impure alkaloid was thus obtained as a dark 
coloured varnish like mass The aqueous portion, stdl showing the presence of bases, w as shaken 
with ether, benzene and amyl alcohol but stdl it gave tests with alkaloidal reagents Water soluble 
bases were thus present 
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For the isolation of the water solnfale bases, 11 fl kilos of the bark were extracted m ith 92 per cent 
alcohol and after the major portion of the solvent had been distilled off the remainder was distilled 
under vacuum at a temperature bclou 70°G A dark brown mass u ns obtained from which the alkaloid 
was oi-traotod described as under the absolute alcoholic extract Next the aqueous portion wss 
neutralized with soda solution, concentrated to 500 c c under vacuum and the bases precipitated uith 
phosphotungstio acid The bases were liberated bj keeping the pliosphoturgstates m fine suspension 
in water and adding excess of baryta soluhon The precipitate of barium phosphotungstate was filtered 
off at the pump and excess of Bn removed by passing carbon dioxide into the filtrate The dark red 
filtrate was treated with basic load acetate to give a precipitate which was rejected and the filtrate was 
deleadod wuth H„S and the HjS removed by passing CO. The filtrate was concentrated to drjne's 
in vacuum thus removing most of the acetic acid and wiis shaken wuth 200 c o of absolute alcohol 
The absolute alcoholio solution was precipitated with alcoholic mercuric chlonde, choline and hetaine 
was precipitated and the filtrate contained some umdontiGed bases 

Tlie mercury compound was decomposed w'lth H„S, the siilpludo precipitate removed and the 
filtrate containing oholino and betaine was concentrated to dryness and shaken with cold absolute 
alcohol Betaine hydrochloride being insoluble in absolute alcohol was thus separated and 
recrystalli/ed in colourless leaflets melting with decomposition at 227°C to 228°G A solution of 
the hydrochloride when added to a mixture of potassium fcrric> anide and feme chlonde solution 
turned it groemsh blue (test for betaine) When a solution of platinio chlonde contaimng sodium 
iodide was added to a solution of the hydrochloride dark coloured rectangular crystals amongst winch 
a few were truncated wore observed under the microscope (test for betame) 

From the filtrate chohno chloride, very hygroscopic and readily soluble in alcohol, crystallized in 
flat colourless needles The platinic chloride crystallized m orange yellow regular sj stem (octaliedra) 
Choline ohloridc gave wth iodine and mercurio iodide a crystalline precipitate and formed a gold 
chlonde m tufts of yellow needles and was thus identified 

5 71 g or 0 05 per cent of crude total alkaloid was obtained from 115 kilos of the bark It was 
extracted with 2 per cent tartaric acid, the acid solution made alkaline with ammonia avoiding 
and shaken with chloroform It was found that the alkaloid dissolved in excess of ammonia or NaOH 
and was then extracted with difficulty with chloroform On distilling off the chloroform 3 26 g ^ot 
pale yellow coloured vaniish bke alkaloid was obtained An amorphous alkaloid melting at D7 0 
with decomposition has, however, been isolated from a" precipitated citrate but it was almost tasteless 
and was not physiologically active 

Briefly the following substances were found in Eiyihnna tndtea 

1 Kesms (major portion of the alcoholic extract) 

2 Bixed oils and fatty acids 0 60 per cent 

3 Alkaloids to the ‘extent of 0 05 per cent from which an alkaloid de- 
composing at 97°C was obtained 

4 Water-soluble bases in appieciable amount amongst which betaine and 
cholme were isolated and identified 

5 Salts, chiefly KCl and K2CO3 

Pharmacological action — The alkaloid and the different fractions obtained 
duiing the course of analysis were tested pharmacologically but no remarkable 
activity was observed In the absence of any signs of physiological activity clinical 
trials were not carried out 


SANSIVIERAIZEYLANIGA 
(WITH' A N RAThTAGIRISWARAN- ) 

This plant belongs to the Natural Order I/iliacece and grows on the Coromandel 
coast and in Ceylon It is known in Hindi as Muralin, in Sanskrit and Bengali as 
Murhd, in Tamil as Mdiul-Mlang, in Guzerati as Muivel and in Mai as Katn-lapel 
It IS described as a pjirgative, tonic and cardiac stimulant and is used as a remedy ni 
heart disease, itch, leprosy, rheumatism, etc According to Amslie the root is 
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presciibed in the foim of an electuary in consumption and allied pulmonary afiec- 
tions The plant yields a good fibre and on this account is cultivated in some 
parts of the Madias Presidency The ]uice of the tender shoots of the plant is 
administered to children to cleai their throat of viscid phlegm 

Dymock Warden and Hooper (1893) examined the roots and isolated a wax, salicylic acid, a 
neutral bitter resin and a cri stalluable alkaloid, which they named Sansevtertne To confirm their 
results and to isolate, if possible, the cryatallme alkaloid in sufiioient quantities for investigation of its 
pharmacological action assavs were made both by B P and U S P methods Two such assays 
showed the presence of only 0 018 per cent of total alkaloids in the plant 

A larger quantity of the plant was next extracted with acidified alcohol and the alkaloid was 
isolated and purified in the usual wav, but the quantity of the alkaloid obtained was very small It 
would appear from the results obtained that the drug could not possess any marked degree of thera 
peutic activity 


PONGAMIA GLABRA 


(With N R CHATTERJEE ) 


This IS a haudsome floweiing tree with foliage like the beech, with drooping 
branches of shimng green leaves, laden with racemes of rose-coloured floweis It 
grows widely in India and is more abundant n<»ar the coast It is known in Sanskrit 
as Karanja, in Hindi as Kami, in Bengali as Dakar Karanja, m Tamil as Pungam- 
niaram, m Mahiatti as Kidamar and m the Punjab as SoolcJiein The seeds, the 
leaves and the oil are used m Hindu medicine as a remedy for skin diseases and 
rheumatism and to destroy worms m sores The juice of the root is used for cleaning 
foul ulcers The oil is used for appbcation to rheumatic joints and as a remedy for 
scabies, herpes and other cutaneous diseases It forms ingredients in several 
complicated prescnptions for epilepsy 

We received a sample of the seeds from Hyderabad with the request to analyse them as they had a 
great reputation as a remedy for whooping cough 

The pods are generally U to 2 inches long contaimng one perfect seed The seed is compressed, 
of the shape and size of a bread bean , testa thin, smooth, light red , cotyledons very oily 

According to Lepine (1860) the seeds vield 27 per cent of an yellow oil, having a sp gr of 0 946 
and sohdifying at 8°C The oil expressed from fresh seeds and exammed by Hooper (Dymook et al 
1890) was thick of a light orange brown colour, and bitter taste The sp gr at 18°C was 0 9368 The 
bitter taste of the oil appears to be due to the presence of a resm and not an alkaloid 

The bark, exammed by Hooper (Dvmock c( al , 1890), is said to contam a bitter alkaloid, 
soluble in ether, alcohol and water also an acid resm of a greenish brown colour soluble m ether 
The aloohohe extract is composed of a substance analogous to quinovin together with suiai The 
watery extract contams much mucilage, which is gelatinized by feme chloride No indication of the 
presence of tanmn could be obtamed from any part of the bark 

In his textbook Lewkowitsoh (1922) describes the physical and chemical characteristics of the 
pongam od as well as of those of the insoluble fatty acids obtained from it In another report Desai 
Sudborough and Watson (1923) have described the isolation of mynstic, palmitic, steano, arachidic' 
ignocenc and dihydroxy steano acids from the oil ’ ’ 

We extracted about 1 kdo of the powdered seed kernels m an extraction apparatus suecessiveh 
with petroleum ether, ether and alcohol The solvents were removed in each case and the residue 
examined for the constituents The petroleum ether extract yielded a pale brown fatty oil over 30 
per cent of the weight of the kernels As they have been examined thoroughly they were not tested 


The ethereal extract was re dissolved in ether, when a port on did not dissolve readdv It w 
to tie a resm acid The portion in ethereal solution did not yield anything of importance or 

The alcoholic solution, on keeping deposited a few crystals These crystak were spr>nrnt„.i t 
the mother liquor, washed with alcohol and tested It was identified toTpum 
alcohol was then removed and the residue treated with water The aqueous^ solution gav^strOTl 
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reaction for cnrboliydratci but none for a\lvaloi(l‘i An ethereal and ethyl acetate c\tract of the aqueous 
solution garo nothing definite 

A quantity of the powdered drug u ns moistened u ith u ater and distilled in a current of steam 
A very small quantity of an essential oil \\ as obtained This is the only actis e pnnciple obtained uhich 
might produce relaxation of the spasm ol bronchial muscles oecurnng in uliooping cough 


HYGROPIULLA SPIN OS A 


(With A N RATNAGI-RISA\^ARAN ) 

T]ns IS an annnal maishy licib witli an ascending rhizome, belonging to the 
Natural Older Acanthacecc It is met with throughout India from the Himalayas 
to Ceylon mall inundated areas ^a ml in the iiVeiways It is know^n as Ilshura 
KoLilalsha or Kasinna m Sanskut, Knhalara in Bengali, Tol-malhana in Hindi, 
Numalh in Tamil and EJJiaro in Gitzeiati 


In Hindu medicine the plant is a favouiite remedy against urinary disorders 
The leaves are described as cooling and useful in jaundice and ascites The root is 
considered as a bitter tonic and is used in rheumatism and urinary affections 
The seeds are given for gonorrhoea The}' contain a large quantity of tenacious 
mucilage The root is considered to be cooling, bitter and tonic, it has diuretic 
properties and is frequently employed in dropsical cases and against iheumatism 
Many European physicians w^ho have tried the root bear testimony to the diuretic 
properties of the root It will be significant to note in this connection that the 
ashes of the plant are also used for the same diseases for which the fresh root ahd 
seeds are prescribed, as for instance in hepatic obstruction with dropsy and urinary 
affections It, therefore, seems quite likely that the medicinal properties of the 
plant are dependent partly, if not wholly, on its inorganic constituents 


Preliminary exammation for alkaloid gave tests of doubtful value and, therefore, a large quantiti 
(about 4 kilos) of the dry plant cut mto small pieces, was extracted by contmuous percolation vitu 
aVcobol and tbe residue left after evaporation of the solvent submitted to the usual examination 

A basic amorphous residue weighing only 0 12 g and giving marked reactions with the alkaloidol 
reagents was obtained but owing to the very low yield of this constituent no attempt was made to 
study it further 

The aqueous alkabne solution after removal of tbe alkaloid « as precipitated successively 'wtli lea 
acetate and basic lead acetate, and the precipitates and the final filtrate examined for g’ucosidic com- 
pounds hut with negative results The residue from the final aqueous filtrate, freed from tannin, 
oolourmg and other matters precipitahle by lead sub acetate, consisted mainly of potassium salts nno 


some sugars 

The diuretic and the soothing properties of the drug are due to potassium salts 
and to the large quantities of mucilage it contains 


BRYOPHYLLUM CALYCINUM, SALISB 
(With A T BUTT ) 

This plant belongs to the Natural Order Crnsulacece and is found throughout 
India It IS very common in lower Bengal It is known in Bengali as Eop pa(a, 
in Bombay as Ghaiman and in Tamil as Malmkalh It is a perennial succulent herb 
with succulent ovate or oblong leaves, 3 to 6 inches in length The margin of the 
leaves and the petioles are coloured purple The leaves roasted are used as an 
apphcation to w ounds, bruises, boils and bites of venomous insects The juice oi 
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the leaves is used m dysenteiy It is also used in the form of poultice and powder 
for sloughing ulceis 

Dymock, Warden and Hooper (1890) report tlie presence of fat, an organic acid, calcium 
oxalate, acid potassium tartrate c*^c in the leaves 

The air dried loaves and stems were powdered and extracted successively with petroleum ether, 
ether chloroform and absolute alcohol, the solvents were removed and the residues weighed Petro 
leum ether extracted 2 22 per cent of the dried plant and contained some fatty oil, ether extracted 
0 91 per cent and contained some organic a-ids and a resin, chloroform extracted 0 43 per cent and 
contained a caoutchouc like substance and absolute alcohol extracted 1 83 per cent of the dry plant 
and contained phlohaphtnes and a verj small quantity of an alkaloid An assay for the estimation 
or alkaloids was done in duplicate and showed the presence of onlv 0 008 per cent of the alkaloids 
4s the quantity of the alkaloid was very small and as there was no indication of the presence of anv 
other pharmaeologicallv active constituent, the work was not pursued further 


RHEUM EMODI 
(With N N GHOSH ) 

The plant belongs to the Natural Order Polygonacece It is found in the western 
Himalayas and Kumaon It is known in Hindi and Bengali as Revand-cliini, in 
Tamil as Ya) lyathu, in Nepal as Paiamclial, in Gurerat as Ganiniravan clam and in 
Mahratti as Mulkaclia reval clam Though not mentioned m the Hindu system of 
medicine, Rheum emodi (Rhubarb) is commonly used m India as a stomachic tonic 
and mild aperient It occurs in twisted or cylindrical pieces about 4 inches long and 
I^ inches in diameter It is of a dark brown colour and a bitter astringent taste 
Several species of rhubarb grow at higher altitudes m the Himalayas, e g , (i) Rheum 
emodi, (u) R mooicnofhanum and (m) R webbianum Considerable quantities art 
annually conveyed from the Kangra district of the Pun]ab for use m mdigenoiis 
medicine 

The sample under exarmuation was that of Rheum emodt and was kindly supphed by the Censer 
vator of Porests Utilisation Circle, Srinagar It gave the following results on analysis Total alcoholic 
extract, 32 per cent , emodin, about 0 16 per cent , total cathartic acid, 3 36 per cent , fat and ohryso 
phamc acid, 1 75 per cent ash, 7 30 per cent Foreign rhubarbs imported into India generally 
contain about 3 6 per cent of cathartic acid which is supposed to he the purgative principle in rhubarb 
The sample under examination thus compared very favourably with the foreign samples 


SOLANVM INDIOVM 


(With A T DUTT ) 


This plant belongs to the Natural Order Solanacece and is very common 
throughout tropical India It is an erect shrub, very prickly, with yellow berries 
about half an inch in diameter It is known m Sansfeit as Yrihati, in Hmdi as 
Barhanta, in Bengali as ByaLura, in Tamil as Pappraviulh, m the Punjab as 
Kandyan and in Bombay as Dorli 

The roots, leaves and berries are used in medicine The roots constitute an 
ingredient of Dashamula It is prescribed by Hindu physicians in the treatment 
of dysurea and is regarded as an expectorant and useful in cough and catarrhal 
affections It is also used in difficult labour, fevers, etc 


The plant was exammed chemicaUy by Dymock, Warden and Hooper (1891) who found the 
presence of an oil and traces of an alkaloid answermg to oolanuie In the seeds they found an nllaln.d 
probably different from solanme and also the presence of n glucosidic pnnciplo Jlanv cliem cnl 
investigations hare been earned out later on with vnnous plants belonging to the nenus 
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tlio alkaloids found in tlionilia\o been llioronglil 3 investigated IVo made a preliminary cbemical 
ovamination of tlio Indian plant a^ adalilo locally in order to deternnno if there nns sufficient amount 
of the total alkaloids for a detailed ( \anunation of the indiMdiial constituents 

The fresh green berries -were diicd and were found to contain about 83 4 per cent of nater The 
dried berries were powdered and extracted succcsuvclj' with different solvents, the solvents were 
removed in caoli case and the residue weighed Petroleum ether extracted G 33 per cent , sulphuno 
ether 1 82 per cent , chloroform 2 23 per cent and absolidc alcohol 9 47 jior cent of the dned hemes 
The petroleum other cxtiact contained some faltj oil and sulphuric ether extract coutamed a small 
quantity of glucosidal substance and some organic acids The chloroform extract showed traces of an 
alkaloid and glucosidal substance The absolute alcoholic extract contained the ghicoside and alka 
loids Assays of the entire dry plant (itioluding U ai cs, stalk and berries) show ed the presence of onlv 
0 02 per cent of alkaloid An assay in dujilicato for the alkaloids in the dried berncs showed thatthei 
contained only 0 1 per cent of total alkaloids 

Pharmacological action — The action of solaiiine has alicady been investigated 
It resembles ceitain of the non-alkaloidal glutosKlcs, such as the saponins, but it is 
much less poweiful 
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In a previous paper (Chopra and Chowhan, 1933) we have remarked that the 
standards and methods of biological assay adopted in temperate climates are not 
always suitable for tropical climates such as that of India The frog method has 
not been found practicable in Calcutta, though Bhatia and Lai (1934:) found it 
satisfactory in Lucknow After trials on a number of laboratory animals we 
have come to the conclusion that Chopra’s modification of Hatcher and Brody’s 
cat method, details of which have been previously pubhshed, has given generall}' 
satisfactory results Although observations made in Ainerica on digitalis 
tinctures show that they do not appreciably change v ithm a period of two years, 
we have shown (Chopra, Bose and De, 1925) that climatic conditions and 
condition of storage in India undoubtedly produce a rapid change in tinctures 
which become therapeutically inactive and sometimes tome from the point of new 
of biological assay Bose (1925) in the course of his clinical studies on dmtalis 
observed that the total quantity of the standardized tincture of digitahs required to 
produce digitalization m an mdindual m India is more than double the amount 

( 271 ) 
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leqiured m tcmpeiatc cliraate‘5 On nccount of climatic conditions digitalis pre- 
parations imdoigo cliomical clianges, tlie content of tlierapciitically active gliicosides 
being thus i educed and ficquently toxic substances, tlic nature of which is not 
knoiN n, aic formed The icsult of tins is tliat although m fresh tinctures there is a 
distinct lelationsliip betueen tlie slowing of the pulse, the death interval and the 
hi L D (minimum lethal dose) in the dctciiorated and toxic tinctures this does 
not hold good The hi L D in these latter may or may not bear relationship 
to its theiapeutic activity, but the change at once becomes apparent m the 
heait-beat, i e , there may bo no slowung at all oi the heart may stop sudden!} 
due to the toxic cftcct of the drug when gnen by the intravenous route 
Further we have shown that, by our method, one cat often gives sufficient 
infoimation regaiding the strength of a prepaiation and it is only necessary to 
use more animals in a few doubtful cases wheie slowing of the beat and M L D 
do not correspond 

In this method the drug is diluted w'lth uoimal saline and mjected intravenously 
into anaesthetized cats The lethal dose the death inteival and the slowing of the 
heait-beat observed with a stethoscope arc recorded The slowing of the heat 
(therapeutic effect) pioduced by digitalis glucosides on a cat’s heart is proportional, 
in case of standard tmetmes, to the peicentage of the active glucoside present, and 
the M L D , with due regard to the deatli interval These obsenations may he 
giaphically lepresented in the foim of an eqiiilateial triangle — 

M L D 


Death y \ Pulse 
interval c : ^rnte 

When tinctures become deteriorated or toxic, the relationship hetw’een the 
three is disturbed and shows marked variations and from these variations the 
potency and toxicity of a tincture can be worked out 

In the British Pharmacopoeia (1932) changes have been introduced in the 
standards and in the methods of biological standardization IVe have, therefore, 
thought it necessary to revise the working standard in our laboratory with due 
regard to the altered conditions With this object in view, we tested the standard 
di°italis powder, supplied to us through the courtesy of Sir Henry Dale of the 
national Institute for Medical Research, London, on a series of cats The powder 
IS stored m hermetically sealed tubes at a temperature below Q^C The extract 
Viras prepared according to the instructions laid down in the British Pharmacopoeia 
(1932) by percolating 1 0 g of the standard powder with 25 c c of dehydrated 
alcohol The extract so obtained was concentrated to a volume of 6 c c and then 
diluted with distilled wmter up to 10 c c , the diluted extract represents 1 g hy 
eiwht of the standard digitalis powder One g of the British standard powder 
Ygggnts 11 d international cat units and as 1 g is present in 10 c c of the extract, 
ternatwnal cat unit is present m 0 086 g This means that 0 86 c c of the 
^ l\ion (containing 0 086 g of powdered leaf) should kill a cat weighing 1 kilogram 
soluto l extract so prepared was kept m cold storage and every time 

in one mo taken and diluted up to 20 c c with normal saline 
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Mielhod of assaJj — A series of cats weigliing between 1 5 and 2 8 kilograms was 
selected Before biological assay they were starved for 24 hours and then anes- 
thetized with chloralose (0 1 g per kilo fed through a stomach tube) When the 
animal is under complete anesthesia, which usually occurs within 2 to 2^ hours, it 
IS fixed on a table and a glass cannula is fixed into one of its femoral veins and the 
digitalis solution is allowed to flow slowly and continuously into the vein at the 
rate of about 2 c c in 5 minutes per kilo of body-weight The rate of flow 
is so arranged that 20 c c of the diluted solution is administeied in about 
50 minutes This amount should be approximately a minimal lethal dose 
per kilo of cat and usually stops the heart in the above time The flow can 
be more accurately regulated by passing a long capillary tube into the burette 
and in addition to the stop-cock a screw clamp is fixed on the rubber tubing 
connecting the burette to the glass cannula This enables the flow to be 
regulated to any speed, however small 

Working standards — A perusal of Table I will show the M L D per kilo 
in 14 cats with the standard digitalis powder The slowing of the heart-beat 
was recorded along with the death interval in every animal with a view to 
establishing standards for this country The lange of deviation withm which 
one may work was also fixed by the formula of van Wijngaarden 6 67 -/n— l 
The male and female cats have been grouped separately and the range of 
variation of M L D and the slowing of beat recorded The.averages observed 
in Table I are — 

1 Average lethal dose per kilo — 17 57 c c (dilution 1 in 20) 

2 „ „ ,, „ of standard digitalis folia — 0 0879 g 

3 „ maximum slowing — 35 3 beats 

4 Range of maximum slowing — 22 per cent of the initial late 

These figures will be used by us in future as standards for comparison in this 
laboratory 


Discussiok 

1 Artificial respiration — The British Pharmacopoeia requires that artificial 
respiration should be employed but in our assay work we have found it unnecessary 
A perusal of the tables will show that the results, obtained in a series of 14 cats in 
which artificial respiration was not employed (Table I), do not difier materially from 
a series of 10 cats (Table II) in which it was employed The slowing of the heart 
was undoubtedly more in the latter series and the lethal dose was also somewhat 
larger due to prolongation of the death interval, but this did not alter the conclusion 
which could be drawn The M L D in the senes, without artificial respiration, 
came closer to the League of Nation’s standard Our conclusions in this respect 
are in accord with those of Smith and McClosky (1925) who found that the employ- 
ment of artificial respiration renders the determination of the end-point more 
difficult and results more irregular 

2 Sex — The female cats vary much more in their response to digitalis than 
male cats This is probably due to the fact that they are weakened by pregnancj" 
and lactation It is, therefore, advisable to use male cats whencvei possible and to 
exclude lactatmg and pregnant females 



Table I 

Biological assay of standard digitalis powdei with cat method without aitificial lespnation 
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3 Sloiviny of the jmlsc ia(e — Tlic sacntific interpretation of the action of a 
cardiac tonic is best explained with the help of an electrocardiograph Its action 
on the origin and conduction of impulses, facilitating the passage of the contraction 
wave through the A-V bundle and its effect on the tone of the cardiac muscle can he 
studied with this instrument These effects are manifested climcally by the increase 
or decrease of the pulse rate Robinson and AVilson (1918) by electrocardiographic 
experiments on cats, have shown that there is a delay in the conduction of the A-V 
bundle impulses when 50 per cent of the M L D has been administered, and there 
is a lengthening of the P-R interval as well if the vagi are intact If, on the other 
hand, the vagi are cut the T-wave is also inverted after 30 per cent of the lethal 
dose has been given After 70 to 80 pei cent of the M L D is given, idioventri- 
cular changes occur and there is a constant dissociation of the A-V wave The 
slowing of the pulse late is maximum after 25 per cent of the total dose Levme and 
Cunningham (1920) by electrocardiographic studies found that the average margin 
of safety (i e , the difference between the minimum lethal dose and minimum toxic 
dose) was 60 per cent For these reasons we have adhered to oiir method of record- 
ing the slowing of the heart-beat along with the M L D and the death interval 
Tables I and II show that with standard tincture we may expect the maximum 
slowing of the pulse rate between 25 to 60 beats per minute Our observations 
agree with Robinson and AVilson, and Levine and Cunningham, that a dose between 
30 and 50 per cent of the M L D produces a maximum slowmg of the heart 
rate and, aftei 80 per cent, the heart-beats become so irregular that it becomes 
impossible to differentiate individual beats by palpation or auscultation 

4 MLB — AA^ith a dilution of 1 in 20 of the standard digitalis preparation, 

an average dose of 17 5 c e will be required to kill a cat of one kilogram in about one 
lioui The British standard of digitalis powder, when compared with International 
standard, shows one cat unit requires 0 0862 g of digitalis powder to kill a cat of 
one kilogram , in Table I our digitalis equivalent (column 8) comes to 0 0879 g 
This figure approaches closely the International standard, hence our memoci 
of assay appears to give a coriect interpretation t-' 

5 Death ^nte') val — The League of Nations has fixed the duration of the 
experiment to about 40 minutes (varying from 30 to 55 minutes) In our series 
the average death interval was about 56 minutes (it ranged between 40 and 90 
minutes) This variation may be due to the fact that we kept the rate of infusion 
of the extract at 2 c c in 5 minutes so that about 20 c c could be administered m 
50 minutes The rate of administration was kept constant in every animal so that 
the death interval depended upon the weight and the resistance of the individual 
to digitalis glucoside 


6 Ra'iige of deviation — Table I shows that in the series of 14 ca ts the range of 
individual deviation according to van AAbingaarden formula (6 67 -v/n— i ) comes to 
24 01 

7 Number of cats required for an assay — ^AA^e have graphically represented the 
three important items to which we attach very great importance in the form of an 
equilateral triangle If the two sides of the triangle come within the range and the 
third one varies slightly a favourable opinion may be given If, however, a marked 
difference in the figure is obtamed, one or more annuals should be employed for 
assay and the mean of the results taken 
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Summary and conclusions 

(1) Chopia’s modification, of Hatcher and Brody’s cat method has given uni- 
formly good results in the assay of digitalis preparations in India It enables one to 
determine the strength of a preparation as well as any toxic changes produced in 
the glucosides as a result of climatic conditions 

(2) The average M L D per kilogram of cat, woiked in a series of 14 cats, 
approximates closely to the International standard, i e , 0 0879 g as compared with 

0 0862 g 

(3) It IS not necessary to use artificial respiration Its employment renders 
the end-point more difficult to determine and the final results are more irregular 

(4) Becords of the changes m the heart-beat give valuable information regarding 
the therapeutic efficaev of a preparation in the Tropics 
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The spectacular effects of digitalization m cardiac insufBciencies have long 
been noted by clinicians but cases have been recorded where the use of digitabs 
preparations has been attended with tome cumulative effects Cases have also 
been met with where ordinary digitalis preparations could not be administered by 
the mouth on account of the presence of gastro-mtestmal disturbances Besides 
this, most of the digitalis preparations m ordinary use are hable to deteriorate on 
storage and in unfavourable climatic conditions and thus produce irregular results 
Attempts have, therefore, been made by pharmaceutical chemists to isolate the 
active prmciples of the drug and present them in a stable form which would retam 
the therapeutic effects without the toxic manifestations Such efforts have not 
been successful with D pwrpurea^preparations but recently excellent results have 
been obtained with another variety 
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A mimbei of species of digitalis have the same physiological action, thougli 
differing in their degice of potency For instance D purpurea is more effective 
thanZ) canipanulata or D alba hut 2) from Austria, shows a therapeutic 

activity equal to D purpurea D lanata, growing abundantly in the same country, 
has been shown to be therapeutically nioie active than D pmpuiea Mannich 
(1933), Merz (1933) and Mohs (1933) succeeded in isolating four hitherto unknown 
glucosides fiom this plant among winch lanata gliicoside No 1 or lanadigin is of 
particular interest This is a pure cry stalliuc glucoside which has been reported to 
have little cumulative effect and can be washed out of the tissues much more 
easily than tlie glucosides of JD puipurea Pandigal, apieparation recently intro- 
duced by P Beiezsdorf & Co , is a watery solution of the pure glucoside of 
lanadigin for injections and an alcoholic solution for oral use Its advantage over 
other galenical pieparations of digitalis is that it contains a single active principle in 
solution and is, therefore, uniform in strength and pioduces definite clinical effects 
There is also no lilcelihood of any side-effects being produced by saponms, tannins, 
chlorophyl and other soluble products which are usually present in the galenical 
preparations made from the leaf Lanadigin produces a temporary dilatation 
of the peripheral blood vessels followed by a constriction It contracts the 
kidney vessels but at the same time increases the output of urine It has 
also been reported that it does not deteriorate rapidly and that solutions of 
lanad/igin can be kept for 1^ years without any loss of potency The other 
advantage claimed is that it can be sterilized by boning Dietrich and 
Schwiegk (1934) considered the introduction of this preparation a real advance in 
the employment of pure and active therapeutic substances 

Stoll and Kreis (1933) showed that D lanata contains three different 
glucosides A, B and C, though separation is not easy since all of them are 
amorphous and form a homogeneous crystalline mixture with each other 
These workers reported that the crystallized glucosides of digitalis are not 
originally present in the crude drug as such but are produced m the process 
of enzyme disintegration by the separation of the sugar molecule from the 
glucoside which is originally present in the plant Smith isolated a new 
glucoside called digoxin from D lanata It is a colourless, crystalline substance 
with a melting point at 266'’C , its structural formula is C 4 H 64 O 14 , it is 
soluble in alcohol but is insoluble in water, chloroform, ethyl acetate and 
acetone It is optically active and hydrolyses into a digitose and a crystalline 
genine The three different glucosides have now been put on the market in 
the crystalline form as Digilanide (Sandoz & Co ) or as Digoxin (Burroughs 
'Wellcome & Co ) but lanadigin and its preparations have been more extensively 
used 


Clinical uses — Lanadigin has been highly recommended since it can he 
admimstered by the mouth, per rectum or intravenously with equally good 
results When admimstered by mouth it is absorbed rapidly, producing no 
nausea 01 vomiting Its use per lectum has been advocated in advanced cases of 
cardiac dilatation with ascites In such conditions the glucoside, if administered 
by mouth, is not absorbed and does not reach the general cuculation If 
administered per i ectum, however, it is absorbed readily by the rectal mucosa 
and is carried directly to the heart via the inferior hsemorrhoidal veins and 
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inferior vena cava instead of passing througli tlie mesenteric vessels and tlie 
engorged liver In very advanced and mgent cases it can be administered 
intravenously twice daily in doses of 0 4 mg to 0 6 mg dissolved m 10 c c 
of physiological saline solution Its advantage over digitoxin and strophanthin 
IS, therefore, obvious Clinical trials in patients with auricular fibrillation 
by E J Wayne of the Therapeutic Trial Committee showed that it reduces 
the ventricular rate rapidly and removes oedema and congestion Usually 
0 5 mg of lanadigin is dissolved mice of 80 per cent alcohol and when 
further diluted with 9 c c of normal saline solution the percentage of alcohol in 
solution IS reduced to 8 per cent This concentration of alcohol is not harmful 
when injected intravenously Digoxin has been recommended in auricular 
fibrillation Its initial dose by mouth is 1 mg to 1 6 mg followed by 0 25 mg 
every 6 hours , intravenously it is given m 0 75 mg to 1 0 mg doses, the 
drug being continued till the pulse rate falls to 60 to 70 beats per minute 
The desired slowing is obtained rapidly whether the drug is given by mouth 
or intravenously 

A perusal of what has been said shows that the introduction of the prepara- 
tions of D lanata is a useful advance in cardiac therapeutics We, therefore, carried 
out a study of the physiological potency of these glucosides as compared with 
D purpurea and also investigated whether other claims made regarding them were 
justified We used the preparation PanAigal as well as the pure glucoside in these 
studies and found them equally effective 

Biological assay — According to Hempshire (1933) the leaves of D lanata are 
about three to four times more potent than the international digitalis powder One 
gramme of lanadigin represents 0 3 gramme of digitalis leaf, m other words it is 
about one-third as toxic as the latter , 0 31 mg of lanadigin has been reported to be 
one cat umt (Hatcher and Magnus method) Merz (loc cit ) reported that the exact 
frog unit with lanadigin is difficult to determine One gramme, however, 
represents 450,000 frog units (Houghton and Straub) One milligram of digoxin 
as measured by the frog method has been found to be equivalent to 0 28 mg of 
standard ouabain 

It has been stated above that Pandigal can be easily standardized as it is a 
solution of a single glucoside, lanadigin only To do this lanadigin was first 
dissolved in a few drops of absolute alcohol and further diluted with water 
before use 

The watery solutions of lanadigin thus prepared were assayed m a series of 10 
cats with the object of comparing its effects on the heart rate, death interval and 
the M L D as compared with the national standard digitalis powder (B P 1932) 
It has been reported that 0 31 mg of lanadigin is lethal per kilo of cat when injected 
intravenously Tliree mg of fresh glucoside were dissolved in about 1 c c of 
absolute alcohol and then diluted with 10 c c of normal saline One c c of this 
solution, therefore, represented 0 3 mg of lanadigin which is alleged to be the 
minimum lethal dose per kilo of cat One c c of this solution (0 3 mg lanadigin) 
was further diluted with 10 c c of normal sahne and was admimstered intravenously 
to cats under chloralose anaesthesia at the rate of 1 c c per kilo every five mmutes 
according to the procedure laid down in Chopra’s modification of Hatcher’s method 
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(1933) Thib adniinisliat ion was (ontimied till tlic animal died Tlic results 
obtained aic tabulated in Table I — 


Tabll J 

Giving Ihc le^ults of assay of lanadigin m 10 cals by Chopra's meiJiod 


Nuwhor 1 Sev «ficl character i 


Female, white spot'i 

Male, black 

Male, black and white 

Male, white 

Male, white 

Male, white 

Male, browaaod white 

Female, black aud 
white 

Female, white 
Male 


Avebaoes 


Death interval 

Maumum 

Amonut oi 
lanadigin per 

Hour 

Minutes 

IG 

lionrt rate 

kilo cat m 
mg 

0 

65 

32/120 

0 342 

1 

10 

42/170 

0 423 

0 

.10 

32/198 

0168 

0 

30 

20/198 

0 168 

0 

35 

1 12/172 j 

0 21 

0 

35 

64/240 

0 2169 

0 

' 40 

1 

64/224 

0 234 

0 

1 46 

1 

6/166 

0 2605 

0 

45 

64/210 

0 270 

1 

6 

48/204 

0 3294 
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In Table II are tbe averages from tbe results obtained in Table I, and tbe 
average results obtamed by us (Chopra el al , 1934:) with the international digitabs 
powder and kept as a standard in our laboratory 

A perusal of Table I will show that the cats died m about 45 minutes, the 
average slowing was 35 beats per minute and the M L D is 0 26118 mg oilanadigin 
per kdo A^Tien compared with our laboratory standard of mternational digitabs 
powder it will be noted that with lanadtgin (Table II) the animal died m compara- 
tively shorter time, but the average slowing of the pulse rate was the same Tbe 
M L D for cats as noted above is 0 26118 mg of lanadigin, while for the standard 
digitalis powder it is 0 0879 g or 0 2437 mg of digitoxin The digitoxin con- 
tent of Digitalis purpurea leaf varies from 0 1 to 0 4 per cent Taking 0 3 per 
cent for calculation (Solu-Cohen and Githens, 1928) we obtam the above figure 
The toxicity of lanadigin, as compared to the glucosidai content of D purpurea 
leaf, therefore appears to be the same Lanadigin produces an equal amount 
of slowmg of the pulse rate m a comparatively shorter time than the standard 
digitalis powder 

As regards the keeping properties of lanadigin in tropical climates these are 
under investigation From certain observations we have already made there 
appears to be no doubt that this glucoside and its solution Pandigal are much more 
stable in a*climate such as that of Calcutta than D pwrpurea preparations There 
IS also no doubt that lanadigin can be boiled without decomposition and is easier to 
administer effectively by the intravenous route 

Summary and conclusions 

1 Lanadigin, a glucoside occurring in D lanata, is physiologically as potent 
in animals as the glucosides of D purpurea In cats it has practically the same 
power of slowing the heart rate and is lethal to the animals in practically the same 
time 

2 Lanadigin can be sterihred by boding without decomposition and does not 
deteriorate as rapidly under tropical conditions as the glucosides of D purpurea 

3 The therapeutic effects can be obtamed more rapidly and with less 
inconvemence to the patient 

4 Pandigal (Beiersdorf), a solution of this glucoside, is a stable and 
therapeutically active preparation 
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with various proportions of silica The mass thus produced is finely ground and 
as e appearance of a buff or grey powder Such preparations are known in 
^uvedic medicine as Bhasma ’ and in Tibbi medicine as ‘ Kushta both 
ash*^e^ b^ metal in the piepaiaiion is destroyed and is converted into 


sorts of remarkable properties arc attributed to these compounds and they 
are very argely used by piactitioners of the Aymrvedic and Tibbi systems of 
me icine in India It was, therefore, considered desirable to study these prepara- 
lons by analysing them and ivorking out their pharmacological action and thera- 
III paper we propose to give the result of our mvestigation 
wi li the first of these piepaiations ive have studied, i e Ahlira Bhasma or the ash 
of mica 


‘ Ahhra Blumna ’ 


or 


The Ash of Mica 

Ahlira, Ahh or mica is a mineral which occurs m sheets of moderate thickness 
forming a compact mass and capable of bemg cleaved into flexible plates of extreme 
thiMess It is widely distributed m India, the prmcipal source of supply bemg the 
districts of Hazaribagh, Kodarma, Jamtara, Gaya, Monghyr, some parts of Ra]- 
putana and the Punjab and some gramte veins in the hills of Mysore and the 
Western Ghats The chief constituents of mica are potassium, aluminium, sihca, 
magmsiim and iron with traces of lime Four principal varieties are mentioned 
by Jimdu medical writers, namely, white, yellow, red and black , only the 
last-mentioned variety, which is the mineral Biotite, AI3 (8104)3 (Mg, Fe)6, 
(011)4)3, IS used for medicinal purposes 

The black variety , again, is classified under four distmct heads according to 
certain pfiymeal properties A^Tien thrown into fire, ‘ Dardur ’ (frog) leaps like a 
rog m the fire (due to explosions) ‘ Nag ’ (snake) produces a hissing noise like 
at of serpents , Pinak ’ (the bow or trident) separates into layers on the fire , 
and the last but most important variety, known as ‘ Yana ahlira’ (impenetrable 

tfiunder) is so called because it remains quiet even on strongly heating 
When atomistered,^the black ‘ Dardur ’ is beheved to cause death, the ‘Nag’ 
eprosy, le rinak fistula, but the last variety, when propeily purified, is not 
injurious to the human system Consequently, it is only the Van a ahlira which 

lb used in Ayuivedic medicine ^ r J 

Purrficahon-~Th^ black Vajm variety of ‘ ahha’ IS burnt in fire made of 
cowdung cake and, while red-hot, is dipped into pure cow’s mdk Its layers are 
^ separa e and soaked in the juice of Amarantlius polygamus, a kmd of vegetable 

noiay m Bengal, together with some acid, preferabl} 
& .r ‘ Sodhita ’ or purified ahlm 

nod weight of Shall Dhanya (a variety of paddy) 

bhnt-nf flio water for three days The ahh a contamed in the 

stices of tbp hand, when fine sandy particles pass through the mter- 

stices of the fabric and are collected for use This is knowfi as ‘ Dhanyabhra ’ B 
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IS furtlier treated with cow’s urine and rubbed in a mortar and the pasty mass is 
heated by a process known as ‘ Gajaputa ’ which is done by putting the paste in a 
closed crucible consisting of two concave earthen basms placed one above the other 
and the joints closed by a mixture of cowdung with earth It is then subjected to a 
very strong heat The ‘ abhra ’ loses all its shinmg particles and acquires a brick- 
red colour This is known as ‘ Abhra bhasma ’ Sometimes the igmtion is repeated 
several hundred times and the efficacy of the medicine is said to be enhanced by the 
number of such ignitions lYhen igmted one thousand times it is known as 
‘ Sahasraputita Abhra ’ It is of a buff colour and has a slightly sahne and earthy 
taste 

‘ Abhra bhasma ’ undergoes another process of purification known as ‘ Amrit- 
karan ’ or nectarification Two seers of the decoction of Trifala or three myro- 
balans consistmg of Phyllanthus embhca, Terminaha chebula and Terminalia 
bellenca together with one seer of clarified butter, and one-fourth seer of Abhra 
bhasma are mixed together and heated in an iron pan at a low heat tiU the mixture 
dries up It is then powdered and used as such Besides these there are other 
processes of purification of abhra 

At the suggestion of M M Kaviraj Gananath Sen, we analysed a sample of 
‘ Abhra bhasma ’ supplied to us by the Kalpataru Ayurvedic Works of Calcutta 
It was a buff coloured amorphous powder with a very slight saline taste On 
analysis one hundred parts of the sample was found to contain the following 
ingredients — 


Silica 

SiO. 

Percentage 

36 01 

Pemo o\ide 

T'eaO, 

12 78 

Alumina 

AlA 

27 57 

Lime 

CaO 

5 03 

■Magnesia 

MgO 

192 

Potash 

K,0 

13 17 

Soda 

Na^O 

3 06 

Chlorides 

NaCl 

0 09 

Sulphates 


mi 

Phosphates 


Very faint trace 

Nitrates 


mi 

Moisture 


0 37 


Tot^.1, 100 00 


We then investigated the total water-soluble portion and found that 6 G66 parts 
were soluble in boiling water The soluble matter consisted of — 


Parts 


Silica 

SiO. 

2 091 

Iron and alumina 

Pe.O, and A1„0. 

0 05'-) 

Lime 

CaO 

0 192 

Magnesia 

MgO 

1 118 

Potash 

K,0 

2 924 

Soda 

Na.0 

0 196 

Chlondes 

NaCl 

0 087 


Totai, 

6 666 parts 
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Lastly, we digested 2 5 giammcs of tlie sample in 260 cc of 0 26 per cent 
liydiocliloric acid solution, the approximate strength of acid found in gastric ]uice, 
at a temperature of about 37°C foi tuenty-foiir hours The total solubility was 
31 288 parts which on analysis gave the folloiving results . — 


Silica 

SiO, 

Alumina 

Ai.b, 

Iron oxide 

rc»o. 

Magnesia 

MgO 

Lime 

CaO 

Potash 

K»0 

Soda 

Nn 0 


Parts 

GC45 
8 300 

2 IIG 
1 907 
0 884 
8 377 

3 059 


Total 31 288 jjarts 


From the results of the last two analyses it appears that the various prehnunary 
treatments, known as ‘ pmification have altei ed some of the properties of tlie 
mineral At the high temperatuie to which it is subjected it is hardly possible that 
any of the organic matter could have been left behmd and the analyses hear out 
this assumption The treatments have possibly converted a portion of the mineral 
into oxides or carbonates or into some other form which can be dissolved out more 
easily It was originally almost insoluble m water or in dilute hydrochloric acid 
but, after the treatment, a high percentage goes into solution, especially m acid 
of approximately the strength found in gastric juice 

Pharmacological action and therapeutic uses — Ahhra bhasma is considered to 
be atonic and, in combination with preparations of iron, it is used in chronic diseases 
such as diarrhoea, dysentery, fever, diabetes, aneemia, jaundice, enlargement of 
spleen, etc Its efficacy is said to be increased when given with uon The diug is 
usually prescribed in doses of 6 to 12 giains 

The results of analysis given above show that a high percentage of the metallic 
constituents exist in a soluble form and the pharmacological actions and therapeutic 
properties of some of these are known I^^lethe^ these produce any remarkable 
efiects in the dosage in which they are prescribed by indigenous practitioners is 
problematical for they are never given alone but always in combination with various 
preparations of organic and inorgamc origm We have tried this preparation by 
itself in a number of patients suffering from diabetes without producing any 
apparent effects on the urine or blood-sugar Small doses of metallic substances 
absorbed may produce stimulation of the tissues generally and hsematuric effects, 
but these were not very remarkable in our senes of cases and it was not considered 
worth while to proceed with further trials 
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The venom of the Indian cobra, Naia nam vel triyudians, has been the subject 
of extensive researches during the past and its action has been studied in great 
detail by numerous investigators with a view either to discover an effective antidote 
to it or to mq^uire into the possibilities of its use in therapeutics The observations 
that have been recorded by different workers on the symptoms of poisonmg due 
to the venom and the changes produced by it on the various organs are more 
or less similar m essential details The consensus of opinion is that m the poisoning, 
failure of respiration is the cause of death, that circulation survives for some time 
after the breathing ceases and that m most cases the heart continues to beat for 
hours if the aeration of the blood is maintained by artificial respiration 

The question, however, whether the respiratory paralysis produced by the 
venom is due to central or peripheral action is stdl open as the observations made 
by previous workers on this pomt are of a conflicting nature Aron (1883), 
workmg on frogs, found that the peripheral nerve-ends were not paralysed and that 
death was due to the paralysis of the spinal cord only Wall (1883) observed that 
0 5 c c of the fresh venom injected mto frogs exerted a weakening effect on the 
peripheral motor nerves accompanied by a similar effect on the central nervous 
system, especially the spinal cord Ragotzi (1890) came to the conclusion that the 
characteristic action of cobra venom in both frogs and rabbits was on account of the 
paralysis of the motor nerve-ends and stated that Aron got different results because 
he had not used a sufficiently small dose of the venom Wall’s experimental results 
were also subject to a similar error Vollmer (1893) maintained that the' central 
nervous system was also directly paralysed besides the motor nerve-ends Rogers 
(1903) and Elhot (1905) thought that failure of respiration due to paralysis of the 
centre was the cause of death m cases of cobra venom poisonmg Cushny and 

( 289 ) 
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Yagi (1918), on tlie otlier hand, asserted that tlie respiratory failure was the result 
of peripheral paralysis and that the central nervous system was not directly involved 
in the action As recently as last year, Kcllaway (1933) during a discussion on 
‘ Some peculiarities of Australian snake venom ’ upheld that the action of snake 
venoms on the respiratory centie was peripheral and not central 

' I Working with the gastrocnemius muscle-nerve preparations of frogs, we found 
that with the nerve alone immersed in a 1 in 20,000 solution of cobra venom in 
Ringer’s solution, the excitability of the nerve to electrical stimulation after the 
lapse of ten minutes was not in any wa}- different from that of the control nerve 
kept in pure Rmger’s solution for a similar period Whereas, if the muscle alone 
was dipped into the solution of the venom, its irritability to electrical stimulation 
through the nerve, which was greater than the control for a short period at the 
beginnmg, gradually became weaker and finally disappeared altogether At this 
stage the muscle responded to direct stimulation for a short time, after which, 
even this stimulation had no efiect Excitability to direct stimulation was lost 
earlier if the venom had been injected into the muscle 

The diaphragm of a cat anaesthetized with chloralose was exposed on the left 
side of the abdomen as also the phrenic nerve of the same side The diaphragm 
was hooked from the abdominal side and connected to a lever through a system of 
pulleys The phrenic nerve was stimulated with a minimal tetanizmg current 
every ten minutes for a period of forty minutes before and after the injection of 
0 05 mg of the dried venom into the femoral vem It was found that whereas the 
response of the diaphragm to stimulation through the nerve was constant before the 
injection, yet, after the injection the diaphragm gradually faded to react to the 
stimulation (Graph 1) Long after the muscle had ceased to be irritable through 
the nerve, duect stimulation of the muscle was found to produce strong 
contractions 

Thus, while the uiitabdity of the normal muscle to the tetamzmg current 
through the nerve remains constant, the muscle acted on by the venom, is found, 
however, gradually to fail to respond to a similar stimulation This, considered 
together with the observation that the nerve whether subjected to the action of 
the venom or not, induces contraction of the connected muscle when stimulated, 
seems to indicate that the end-plates block the transmission of the stimulus to 
the muscle But to produce this phenomenon very small quantities of the venom 
have to be used and allowed to act foi a long period With bigger doses 
animals die long before the paralysis of the end-plates develops and this is 
probably the reason why, with lethal doses of the venom, the stimulation oi 
the phrenic nerve immediately after death is found to give rise to contractions ot 
the diajphragm in the experimental animal 

The symptoms manifested in cases of cobra bites also afford evidence of para- 
lysis of the end-plates In about half the number of fatalities, where death occurs 
in about seven horns after the b.te, the integrity of the central nervous system is 
maintained long aftei the patient finds it impossible to use many of the muscles of 
his body In these cases, apart from the pain caused by the bite, the victmi 
develops symptoms such as the following Loss of control over the muscles of the 
legs, staggering, falbng of the lower jaw with oozing of frothy viscid saliva from tJie 
mouth, indistinct speech, moaning, shaking of the head from side to side ana 
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quickened respiration Foity minutes afterwards, the patient is unable to answer 
questions but appears conscious and his arms are not paralysed The respirations 
are laboured, though not stertorous, and giadiially become slower and cease without 
convTilsions Loss of control over the muscles of the legs, ]aw, tongue and larynx 
are typical of peripheral paralysis and the* order in which weakness of the muscles 
IS felt seems to indicate that the muscles tliat are used most frequently get fatigued 
earber While locomotion and speech are impossible and respiration is getting 
feeble, the patient is able to use his arms and his consciousness fails only towards 
the end These symptoms show that jiaralysis of the central nervous system 
follows that of the nerve-ends But in aliout ten per cent of the cases where the 
victim dies within an hour of the bite, cardiac failure sets in too early for the mam- 
"festation of the signs of paralysis of the end-plates and death, in these cases, is due 
to the affection of the central nervous system, respuation failing first as the result 
of madequate circulation and deficiency of oxygen If the dose of the venom 
injected by the cobra at the tune of the bite is siiblethal, the paralysis of the end- 
plates that develops gradually passes ofi and m time the patient recovers Hence 
it appears that though cobra venom, m common with the other snake venoms, brings 
about paralysis of the nerve-endings, yet, death cannot be due merely to this cause 
because the quantity of the venom required to produce this effect alone would be 
far below the lethal dose The majority of deaths on account of cobra bite may, 
therefore, be considered as generally due to the paralysis of the respiratory centre 

While opinion is unanimous that with lethal doses of the venom animals 
always die of respiratory failure before the stoppage of circulation and the mani- 
festation of any sign of paralysis of end-plates of the skeletal muscles, it will only be 
of academic interest to attempt to find out to what extent the effect of the venom on 
the nerve-endings is responsible for the respiratory symptoms, especially when it 
has been found that the antidotes against curare are not effective in cases of 
poisomng with cobra venom (Oushny and Yagi, loc cit ) "What will be of greater 
importance from a practical point of view is the determination of the action of the 
venom m sublethal doses, as this is likely to afford valuable clues relating to suitable 
methods of treatment and to the possibilities of utilizmg the venom m minute 
doses for therapeutic purposes as has been done with other' known poisons like 
strychnine, acomtiue, etc 

But with regard to the effect of sublethal doses of the venom, the data pubhshed 
by various workers differ from one another to a great extent YTide one has used 
2 mg of the dried venom per kdo weight of a cat intravenously and was able to 
keep the animal alive for nearly an hour (Oushny and Yagi, loc cit ), another has 
administered 0 2 mg per kilo weight to a cat by the same method and has found that 
the blood-pressure dropped down to the zero level withm a few minutes (Chopra 
and Iswariah, 1931) Again, when 0 8 mg of the venom produced on a cat 
weighing 2 52 kdos a persistent rise of blood-pressure, 0 6 mg administered in the 
same way to a cat, 3 38 kilos in weight, reduced the blood-pressure to zero (Chopra 
and Iswariah, ho cit ) 

Two samples of the fresh dried venom when injected in 0 1 mg doses into the 
femoral vein of cats anaesthetized with chloralose produced a marked and persistent 
rise of blood-pressure (Hraph 2) The same'effect could not, however, be obtained 
with some other samples experimented with 
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To see hctlior tins rise in blood-pressure \\as accompanied by increased output 
of the heart ^^e perfu'^ed amphibian and mammalian hearts ■with fluids containing 
the venom in concentrations ranging from 1 in 10,000,000 to 1 in 5,000,000 and 
found that with the increased stimulation of the heart there vas progressive 
decrease in the amount of outflow until at last the aortic pressure reached the zero 
level This was apparentiv the result of the capacities of the chambers of the 
heart getting progressn elv reduced on account of the contractions of the muscles 
of the heart The heart finallv stopped m systole 

A frog s heart was made to cease beating bv injecting a small dose of aconitine 
into the liver and 0 1 c c of a 1 in 10 000 solution of the venom was injected intra- 
hepatically thereafter Immediately after the injection the heart revived, and a 
second dose coutainiini the same quantity administered in the same way a fev 
minutes later increased the tone and amplitude of the heart-beats still further 
(Graph 3) Though stimulation v is evident vith the second dose, the rate of the 
beats began to get slower and slower until at last the heart stopped in systole 

luvoluntarv muscles of the intestines and utenis also reacted to cobra 
venom by a similar increase lu the tone (Graphs 4 and 5) 

Yagi found that with the blood vessels of frogs and rabbits there vere marked 
contractions of the vessels when the venom (0 2 c c of a 1 in 1,000 solution) was 
added to the Ringei’s solution perfused through them and that the venom acted 
more peripherally than adrenalm on the muscle walls since the addition of ergotoxme 
to the perfusing fluid abolished the action of adrenalin on the vessels while 
leaving the action of the venom unchanged The action of the venom, therefore, 
appears to be directlv on the muscle substance itself resulting in the tonic contrac- 
tion of the muscle 


"When the blood-prc'^suie was persistently high as in Graph 2, there vere dips 
in the tracmg This was probably because the heart working to maintain such a 
high pressure for a long time got tired in consequence and missed a beat occasionally 
If the dose of the venom administered was small and the aeration of the blood 
satisfactory the blood-pressuie gradually returned to the normal after some time 
In some cases after the blood-pressure had stood at a high level for a period the 
heart suddenly collapsed and the blood-pressure fell to zero In these cases, n 
artificial respiration was given or if the quantity and force of the air pumped into 
the lungs were increased should the animals be already having artificial respiration, 
collapse of the heait was generally prevented (Graph 6) It will be seen from the 
graph that when the blood-pressure had dropped down, artificial respiration given 
immediately after has laised it This shows that there is probably an increased 
resistance to the entry of air into the lungs as a result of which there is depletion 
of oxvgen and accumulation of carbon dioxide m the blood, cuhnmating in cardiac 
distress The assumption that the increased resistance to the entr}’’ of air into the 
lung^ IS due to the tonic contraction of the involuntary muscles of the bronchi is 
supported bv the observation that the \ enom induces a similar contraction of all 
other mvoluntarv muscles 


Thus the muscles of the heart, intestines, uterus, blood vessels and bronchi all 
seem to react to cobra venom by tonic contraction 

The marked and persistent rise of blood-pressure appears, therefore, to be 
due to the combmed efiects of the tonic contraction of the heart muscles, of asphyvia 
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consequent on tile narrowing of the lumen of the bronchi and of general vascular 
constriction 

The cardiovascnlar effects produced by the administration of small quantities 
of cobra venom may be the reason for the use of the venom m ancient Indian 
medicine where it has been recommended for use as a cardiac tonic in extreme cases 
of heart failure In typhoid, pneumonia, plague, cholera and epidemic diarrhoea, 
during the list stages, when every other medicine had been tried without benefit, 
it IS said that cobra venom administered in very small doses in combination 
with mercury and sulphur is the only remedy that may be relied on to prevent 
collapse Ghosh (1931) seems to have demonstrated the reviving properties of the 
venom by using carefully regulated doses in his experiments on plants 

But in view of the observations that have been made to the effect that cobra 
venom is not absorbed through healthy mucous membrane, it is inconceivable 
that it can effect any beneficial changes by oral administration unless it be that the 
other mgredients with which the venom is mixed renders it absorbable as a result of 
some physical or chemical changes or so modifies the condition of the mucous 
membrane of the alimentary canal that the venom is directly absorbed from the 
gastro-intestinal tract The mode of action is not explained in books on ancient 
Indian medicine and any claims as regards the alleged curative effects of the venom 
by administration by mouth have to be treated with reserve and caution in the 
absence of positive proofs in evidence thereof 

On the strength of an observation that there was progressive local anaesthesia 
after cobra bite and on the assumption that this may be due to the affinity of the 
venom for certain phosphatide constituents of nerves, the venom has been used to 
alleviate the pain and to delay the progress of certain types of cancer Monaelesser 
and Toquet (1933), who were the first to observe these effects, injected, at intervals 
varying from 3 to 15 days, doses of the venom ranging from 2 5 to 20 rat umts, the 
rat unit being the minimum toxic dose for a rat weighing 20 g , and found that some 
of the patients suffering from cancer derived benefit from the treatment Fitzsimons 
(1929) also claimed that the venom of the viper or adder in non-lethal doses is a cure 
for epilepsy, chorea and certain other functional disorders of the nervous system 

But our observations on cobra venom go to show that its action is neither 
constant nor reliable and that the action differs a great deal between one sample 
and another and even between fresh and old samples of the same The factors 
responsible for this difference are not definitely known and in the present state of 
uncertainty the indiscriminate use of the venom in therapeutics is likely to produce 
untoward results 

Cushny and Yagi {loc cit ) observed that, of two samples of cobra venom they 
had procured for their investigations, one was 10 times as powerful as the other 
Calmette and Massor (1914) found that the venom lost its initial toxicity even when 
kept in a closed vessel protected from light Our experimental findings are also 
of a similar nature The intensity of action exhibited by a fresh sample of the 
venom was very much more than that of an old sample of the same, though the 
latter had been kept in a sealed glass-tube in a cool, dark place The results obtained 
with old samples of the venom were similar in everi respect to those pubhshed by 
Chopra and Iswariah {loc cit ) A corresponding deterioration was also noticed in 
regard to the toxicity of the venom on keepmg YTule the MLB of a fresh 
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specimen foi cats intravenously u ns 0 075 mg per kilo of body-weiglit, tke M L D 
of tlio same specimen after it liad been kept for about a year was found to Lave 
changed to 0 5 mg per kilo of body-weiglit of tlie ammal If, therefore, the 
properties of the fiesli venom obscivcd witli experimental animals are to be made 
use of for therapeutic pin poses, tlic c.uisc of its deterioration should be detennmed 
and steps should be taken to ensuic that its potency and toxicity are within safe 
maigins by devising suitable methods for its preservation and biological assay 

As a result of the picsent study ue arc led to make the following observations 
The activity of cobia venom is a variable factor and our present knowledge concern- 
ing it IS not sufficient to v arrant its use as a therapeutic remedy Further work 
on factors affecting its potency, stability and toxicity has to be done before it can be 
safely used in the tieatment of disease 

Summary and conclusions 

1 Lethal doses of the venom of the Indian cobra cause respiratory distress 
followed by death due to central respiratory paralysis 

2 Sublethal doses of the venom so regulated as not to produce respiratory or 
cardiac embarrassment paralyse tlie motor end-plates alone some tune after the 
admimstration of the venom 

3 The venom, in small doses, produces in experimental animals a marked and 
persistent rise of blood-pressure This rise is due to the combined efiects of the 
venom in causing asphyxia, stimulation of the myocardium and general vascular 
constriction Only certain samples of the venom and at some undertermmed stage 
of their keeping were observed to produce the marked rise of blood-pressure 

4 Injections of the venom in mmute doses revive a heart that has been made 
to cease beating by the administration of aconitine 

5 The venom produces tome contraction of all involuntary muscles 

6 There is a gradual diminution m the activity of the venom on keeping 

Therefore, if the cardiac effects displayed by the venom on experimental ammals 
are to be made the basis of its rational use in therapeutics, or if the venom is to he 
used as a remedial measure on account of certain beneficial effects it has been 
mentioned to produce m the treatment of cancer, etc , by a few workers on the 
subject, it IS imperative that methods should first be devised for the preservation 
of its potency and for its biological assay _ 
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In the pievioxis papei of this senes we dcsciibed the isolation and identifica- 
tion of two distinct pioteins in the vibrio group, and outlined a classification 
of the smooth vibiios based on the presence of these proteins and of the two 
types of polysacchaiide which we have studied earlier (Linton, Mitra and 
Shrivastava, 1934a) The two proteins, winch we designated Protein I and 
Protein II, corresponded in large measure with the usual classification Protem I 
was found in vibrios derived from clinical cholcia and Protein II in vibrios 
from watei The vaiiations from this scheme and then possible significance aic 
now being studied 

In our analyses of the two vibiio proteins by the van SlyLe method we found 
that they had a veiy closely allied, if not identical, nitrogen distribution (Linton, 
Mitra and Shrivastava, 1934) We were, therefore, led to believe that the proteins 
of the two types might consist of the same units which were put together in two 
difieient ways The experiments reported in this paper will, we believe, strengthen 
this hypothesis 

In this papei we are describmg cxpciiments designed to compare two of the 
fractions into which the proteins of the cholera and the cholera-like vibrios can be 
divided We shall take up m this report the chemical study of the acid-soluble 
proteins, and leave the question of the reaction of proteins in dilute alkali for a later 
study 

J, ME ( 295 ) fj 
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As the tabic shows, the ‘ A ’ and ‘ B ’ substances occur in both the pseudo- and 
euglobulin portions of the vibrios, and appear to come m larger amount from the 
euglobulin fraction This finding does not, of course, indicate anything about the 
position of the two acid-solublc fractions in the vibrio protein, since it is probable 
that the globulins represent simply fractions of varying solubility in the whole 
protein 

Another series o'f experiments "was carried out to determine whether keeping 
the vibrios in distilled water in the refrigerator would, by increasing the dispers’on 
of the proteins, also increase the yields of ‘ A ’ and ‘ B ’ Two hundred and fi% 
bottles of a 48-hour growth of an El Tor vibrio (Protein II) w'cre washed several 
times in distilled water in the Sharpies supercentrifugc, and taken up in one 
litre of distilled water Samples were taken at once and at intervals of 6, 14 
and 16 days, and the amounts and percentages of ‘ A ’ and ‘ B ’ determined 
The results are set forth in Table III — 


Table III 


Influence of dtstiUed water on the yields of ‘ A’ and 
‘ B ’ substances 


Interval. 

Caloalatecl 
weight of 
vibnos, g 

Weight of 
‘ A g , 

Percentage 
of • A’ 

Weiglit of 
‘B', g 

Porceiitago 
of ‘B’ 

Ax once 

1 13 

0 02 

1 5 

0 06 

46 

6 days 

j 

1 36 

0 04 

30 

0 07 

,16 1 

14 „ 

1 27 

0 06 

47 

0 06 

47 

16 „ 

30 .16 

1 28 

42 

164 

64 


The aoid-soluble ‘ A ’ substance appears to increase under the conditions o ^ ^ 
experiment If this increase is real it may point to the gradual formation o 
from protein in distilled water, since as we have already pointed out, ‘ A is ^ 
separated from the vibrios, and practically the maximum yield is obt^na c y 
one extraction ‘ B ’ substance, on the other hand, did not vary appreciably ^ 
the experiment The final extraction at 16 days was made on the remainder o 
mass growth in order to obtain sufficient material for analysis of nitiogen dis r 
tion It IS interesting to note that the same average yields for "the two subs 
were obtained from this large mass as when much smaller quantities were 
manipulated The method adopted to extract these large masses of vibrios wi 
detailed below 
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Experiments were performed on two strains to compare the amount of the 
acid-soluble substances obtained by using different concentrations of HCl in alcohol 
The results are given in Table IV — 


Table IV 


Injlucnce of concentiahon of HCl on the amount of 
acid-soluble substance extracted 


! 

Strain 

1 

Concentration 

of HCl 

Yield of 
‘ A >, g 

Concentration 
of HCl 

Yield of 
‘B’. g 

Rangoon, 

1 

0 025 IS! 

0 0012 

0 05 N 

0 0991 

smooth 

0 125 N 

No jield ’ 

0 26 N 

0 1136 

505 

0 0125 N 

0 026G 

0 025 N 

0 0522 


0 025 N 

0 028S 

0 05 N 

0 0344 


0 126 N i 

1 ' 

No yielf 

0 026 N 

0 0466 


It IS evident that ‘ A ’ substance is susceptible to the higher concentrations of 
acid The yield of ‘ B ’ substance, on the other hand, does not appear to vary 
much with the concentrations of acid used in these experiments 

In Table V we have given the percentage yields of the two acid-soluble sub- 
stances from the twelve strains studied The results obtained with the El Tor 
strain liave already been given in Table III and are not repeated in Table V 
Altogether 30 extractions of ‘ A ’ and 32 extractions of ‘ B ’ were made — 

Table V 


Percentage yields of acid-soluble ‘ A ’ and ‘ B ’ substances 


Strain 

1 

Protein 

namber 

1 

Character ol 
growth on 
agar 

‘ A ’ Buhstanoe, 
per cent 

‘ B ’ Bnbstance, 
per cent 

1076 

1 

I 1 

Smooth 

3 2 

10 1 

Rangoon, smooth 

T 

Smooth 

0 3 





0 2 

00 




02 

62 




49 

1 

1 60 

i 


1 

60 

63 
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Table V — conclcl 


Strain 

1 

Protein 

number 

1 

Charnclor oi 
growth on 
agar 

‘ A ’ substance, 
per cent 

‘ B ’ substance, 
per cent 

Rangoon, rough (2) 

1 

Rough 

0 1 

78 

1G17 

1 

Smooth 

2 1 

90 




2 S 

CO 




3 1 

59 

1 



42 

64 





78 




3 3 

40 




2 3 

36 

79A Euglobuhn and pseudo 
gloh ilin 

I 

Roiigli 

3 1 

64 

79A 

I 

Rough 

03 

12 3 



1 

1 

10 

40 

2027 

I 

Smooth 

:0 4 

'61 

£) • • 

I 

Smooth-rough 

• 

141 

79B Euglobuhn and pseudo- 
globuhii 

n 

Rough 

25 

1 

20 2 

79B 

II 

Rough 

0 44 

66 

WSSO Euglobuhn and pseudo 
globulin 

II 

Smooth-rough 

1 

’ 3 8 

21 8 

W880 r. - j 

II 

Smooth rough 

20 

41 




1 1 

70 




1 6 

62 

W3075 

II 

Smooth-rough 

09 

67 

Basrah TV Euglobuhn and 
pseudoglobuhn 

n 

Smooth-rough 

37 

16 0 

Basrah lY 

II 

1 Smooth-rough 

07 

32 

El Tor Euglobuhn and pseudo 
globulin 

1 

II 

Smooth rough 

C I 

92 


■* Protein number not yet determined 
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As Table V shows, the amount of ‘ B ’ substance in a strain is always greater 
than the amount of ‘ A ’ substance The amount of ‘ A ’ and ‘ B ’ substances derived 
from the pseudo- and euglobulin fractions is usually considerably larger than that 
derived from the corresponding whole protein 

Rough and smooth forms, as well as protems of the two types, do not appear to 
differ significantly in the amounts of ‘ A ’ and ‘ B ’ present Omittmg from the 
account the amounts extracted from the purified pseudo- and euglobulins, ‘ B ’ 
from Protein I averages 7 0 per cent while from Protein II it averages 6 0 per cent 
Protein I yields 2 1 per cent of ‘ A ’ and Protein II 2 8 per cent, on the average 
With respect to type of growth the smooth forms have 6 3 per cent of ‘ B ’, the 
smooth-rough forms 6 0 per cent and the rough forms 7 2 per cent , for ‘ A ’ substance 
the averages are 2 4, 2 7 and 1 2 per cent respectively It is possible that the 
development of a more exact technique for the extraction of ‘ A ’ will show that 
the small amount m the rough strains is significant, and will at the same time allow 
us to determine whether any given strain shows a constant quantitative difference 
from other strains 

Polanmetnc readings — In this part of the work, the two acid-soluble fractions 
and the residue protein were dried at 37°C , weighed, and taken up m N/2 NaOH, 
accordmg to the method abeady described (Linton, Mitra and Shrivastava, 1934a) 
The solutions were kept in the mcubator at 37°C for two hours and the specific 
rotations then determmed in a Schmidt and Haensch polarimeter, usmg sodium 
light The results are shown in Table VI — 

Table VI 


PoXai imetnc readings on acid-soluble ‘ A ‘ and ‘ B ’ fractions, residue 
protein and whole protein of cholera and cholera-lihe vibrios 


Strain 

Protein 

number 

1 i 

j Character ol 

1 growth on 
agar 

Specific botation in N/2 Alkali 
APTEE 2 HOCBS AT 37°C 

B 

‘B’ 

Residue 

Whole 

Rangoon, smooth 

1 

I 

Smooth 

-10 7 

1 

-47 7 

-44 1 






-48 2 

-49 0 



1 




-44 6 1 

1 


Rangoon, rougb (2) 

* 

Rough 


—48 S 

-43 0 


1017 1 

I 

Smooth 

— 13 0 

1 

-52 0 

1 

-51 0 

-56 0 





-44 3 

-50 4 


70A Euglobulin 

1 

Pough 

-11 3 


-43 2 



* Protein number not yet determined 
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Strain 

Protein 

number 

Clinrnc ter of 
gioulh on 

J 

Siroiric BOT/TioN in ^72 Alkau 
aftfe 2 nouns at 37°0 









‘A ’ 

‘B ’ 

Kesidue 

BTioIe 

79A 

I 

Bough 

-10 9 

-48 0 

-48 5 






-43 0 

-52 0 


E Etiglobulin 

I 

Siuooth rough 


—49 2 

-50 0 


E Pseufloglolmlin 

I 

Smooth-rough 


-42 7 

-54 0 


79B Englobulin 

IT 

Bough 

-11 1 

-46 0 

-49 8 


79 B Psciulnglobulin 

11 

Bough 


1 -46 4 

-50 1 


79B 

II 

Bough 


-48 0 

-62 0 


W880 

II 1 

Smooth rough 

-14 8 

-44 1 

-47 0 

-■)4 0 




-13 C 

-44 3 

-46 0 



! 



-48 4 

-52 0 


\V880 Euglobulin 

II 

Smooth rough 


-49 1 

-38 1* 


W880 Pseud oglobulin 

II 

Smooth rough 


-441 

-40 6* 


W3076 

II 

Smooth-rough 


-44 7 

-52 0 


Basrah IV 

II 

Smooth rough 


-43 6 

-49 0 


Basrah IV Euglobuhn and 
pseudoglobulm mixed 

II 

Smooth rough 

-10 3 

-45 7 

-43 0 


El Tor 

II 

Smooth-rough 

-11 -i 

-42 8 

-63 0 

-63 0 




-13 0 

-48 7 

-46 0 


El Tor Euglobuhn and pscu- 
doglobulin mixed 

II 

Smooth rough 

-12 3 

-61 1 

-46 0 



* Four-hour reading 


Inspection of Table VI shows clearly that ‘ A ’ substance is distinct in rotatory 
power from both ‘ B ’ and the residue protein Its mean rotation is about —12 0 
‘ A ’ substance appears to have the same rotation whether derived from a smooth, 
smooth-rough or rough strain, or from Protem I or Protein II 

In ‘ B ’ substance, on the other hand, the rotatory power is much higher, 
varying from — 42 7° to —62 0°, with a mean of —46 4° These readings indicate 
a protein structure entirely difierent from that of ‘ A ’ substance ‘ B ’ substance 
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strongly resembles the residue protein in rotatory power, the latter ranging from 
— 43 0° to — 54 0° with a mean value of — 49 0° The two proteins thus show 
piactically the same range of variation 

That variations in rotation should occur in the extracts or m the residue protein 
IS to be expected in view of the method used in preparing them As shown above, 
the fractions are not salt-free and were not made so since dialysis' of such small 
amounts of material is impracticable It is clear from the table, however, that 
taking into consideration this disturbing factor, the range of variation in the res- 
pective fractions is not great, and that the differences between ‘ A ’ on the one hand, 
and ‘ B ’ and residue protem on the other, are marked enough to be significant 
In a cholera vibrio strain (1617), a cholera-like vibrio stram (W880), and an 
El Tor strain, the specific rotations of the whole proteins were determined, and 
found to be — 56 0°, — 54 0° and — 53 0° respectively These readings are only 
slightly higher than those of the ‘ B ’ substance and the residue protein Since No 
1617 possesses Protein I and the other two strains Protein II, it is evident that the 
polarimetric readings of the whole proteins cannot be used to differentiate them 
Rate of change in j otalion — A further indication of the possible identity of ‘ B ’ 
substance and residue protein is to be found in the rate at which the rotation changes 
in alkali Following AVoodman (1921) we have already stated the evidence showing 
that identity in initial rotation and in rate of fall of rotation signify identity of 
structure (Linton, Mitra and Shrivastava, 1934a) The third identity, that of 
similar final rotation, could not be established m these experiments due to lack of 
material The average readings of the three fractions at 24-hour intervals are 
shown in Table VII The figures in parentheses indicate the number of determina- 
tions included in each average — 


Table VII 


Changes in specific rotatory power in protein fractions in 
N/2 alkali at 2i-hour intervals 


Time 

‘ B ’ substance i 

Residue jirotein 

* A ’ suhstanf e 

2 

hours 

-46 6 

1 

(23) , 

—48 4 

(23) 

-120 (11) 

24 

” 

—24 5 

(13) j 

- 2'> 0 

(17) 

-7 7 (2) 

4S 

.. 

-18 9 

(3) j 

-20 3 

(14) 


72 

. 

-16 2 

(6) 

1 

-16 1 

D 

-4 0 (1) 

96 

it 

-11 4 

(1) 

-11 4 

(fi) 



It IS evident from the table that the two substances, ‘ B ’ and residue protein 
are very similar in the rate at which their rotatory power decbnes The readmes 
for ‘ A ’ substance are also mcluded in the table and they indicate again the w ide 
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diffcrcnco between Ihis fiaclion .'iiul Die otliei (uo 11 is interesting to note that all 
the leadings in Table VTI dillei niaihedly from those gn cn b} purified Protein I and 
Protein II, thus indicating th.il the c oinbinat ion of ‘ ‘ B ’ and residue protein in 

the vibrios is quite difieront fiom ain one of them separateb 

When the latc of change in iol,itoi> powei is considered on the basis of whether 
the fractions veie deiived fiom Piotcin I oi Piotcni II ve obtain the results given 
in Table VIII — 

TAimr VIII 


Changes in specific lolaloig pouei in piolein fiaclicns in 
relation to piotein groups at 2A-honr intcnals 


Time 

1 Protein I 

‘ B ’ fraction 

Protein IT 
‘ B ’ frnclion 

Protein I 
Residue 

Protein IT 
Residue 

2 

hoiirs 

-17 1 

(9) 

-46 2 

(14) 

-44 5 

(11) 

-48 7 

(12) 

24 

>> 

-25 1 

(4) 

-21 6 

(9) 

-25 0 

(S) 

-S4C 

t 

(9) 

4S 

” 

-10 9 

(2) 

-18 6 

(C) 

-19 3 

(G) 

1 -19 9 

(S) 

72 

>> 

-16 6 

(2) 

— 16 1 

(4) 

* -16 0 

(4) 

' -16 3 

(3) 

9C 

9t 1 

-11 4 

(1) 



-11 6 

(V 

-11 2 

(3) 


The close resemblance between the four groups is obvious Both in initial 
rotation and in rate of fall the ‘ B ’ substances of Pioteins I and II are ® nnali! 
and the residue proteins resemble each other and both the ‘ B ’ substances r g 

Nitrogen distribution — In view of the small quantities of material 
of ‘ A ’ substance) available, we have determined the nitrogen distribution in 
fractions by means of Ha ismann’s method (Plimmer, 1917), in which only g 
to 1 0 g IS required To compare the results with those of the van Slyire me o , 
whole proteins were also done, and the results of the two methods were foun 
completely in agreement We have earned out the determmation of ni r g 
distribution on the fractions of three strains No 1617, a typical J 

which has Protein I No W880, a non-agglutmating, cholera-luce vibrio ® 
from water and having Protein II, and an El Tor strain, which also „ ^npllar 

II About 30 g (dry weight) of each vibrio was used After removal of the ^8 , 
material as described above, the vibrios were taken up m 1 litre of absoiu e a c 
made 0 025 N with HCl and extracted on the water-bath for 1|- hours a 
The organisms were removed from the alcohol, re-extracted in another i re,^ 
the two supernatant fluids Altered and concentrated in vacuo to approxima c ^ _ 

c c The concentrate was precipitated with 3 volumes of ether, kept in ic 
gerator overnight, removed and dried at 37°C ^ , 

‘ B ’ substance was then extracted in boiling 0 05 N HCl-75 per cent a ^ 
mixture Three or four extractions of 15 minutes each were usually 
order to obtain sufficient material for the analyses The first two were eac 
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in a litre and the last in 500 c c After bringing the solution containing the ‘ B ’ 
substance to the point of maximum precipitation with strong NaOH it was put in 
the refrigerator overnight, and the precipitate collected and dried at 37°C the next 
day The percentage yields of ‘ A ’ substance were found to be as high in these 
mass extractions as when small quantities of vibrios were being used With ‘ B ’ 
substance, on the other hand, it was more difficult to reach the percentages yielded 
with the smaller amounts 

The results of Hausmann’s analyses on the fractions is given in Table IX — 

Table TX 


Nitiogen distnbiition in acid-sohtble ‘J’ and B’ fractions, residue 
’protein and 'lolole protein of cholera and cholera like mbnos 


Strain 

Fraction 

1 

Amide 
nitrogen, 
per cent 

Humiii 
nitrogen, 
per cent 

Total 
bases 
nitrogen, 
per cent 

Tota’ phoapho 
tungstic filtrate 
mtrogen, 
per cent 

Total 
nitrogen, 
per cent 

Nitrogen, 
per cent 


‘A’ 

16 1 

2 0 

19 6 

62 4 

^9 1 

13 8 


‘B’ 

7 5 

t 7 

23 6 

67 2 


13 4 

1617 

Residue 

6 6 

3 2 

22 4 

67 2 

99 4 

13 6 


Whole I 

1 '^2 

1 

4 4 

247 

64 9 

101 2 

13 6 

' 

‘A’ 

13 4 

1 6 

18 0 

62 9 

95 8 

14 6 


‘B’ 

7 4 

4 1 

23 2 ! 

68 4 

103 1 

13 3 

W880 

Residue 

6 4 

4 2 

24 0 j 

64 2 

98 8 

13 4 


Whole 

6 7 

4 4 

24 1 

64 8 

100 0 

14 2 


‘A’ 

12 6 

1 6 

18 9 

64 8 

97 8 

13 C 


‘ B’ 

7 3 

4 7 

23 8 

66 1 

100 9 

13 4 

El Tor • 

Residue 

68 

4 6 

24 2 

66 9 

102 4 

13 9 


Whole 

6 8 

4 1 

24 7 

62 6 

98 1 

14 0 


The results given in Table IX are in concordance vith those discussed above in 
showing that ‘ A ’ substance is different from both ‘ B ’ substance, residue protein, 
and whole protein The amide mtrogen of ‘ A ’ is twice as great as that of the 
other portions of the protein Humin nitrogen is less than half that of the ‘ B ’ 
substance, residue and whole protein Total bases in ‘ A ’ are also somewhat lower 
and are outside the range of v ariation previously found for the whole vibrio protein 
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The tot il phosplioUin"s(ic ju id fihintc, \\li'cli includes the mono-ammo and non- 
aimno ndiogcn of the vmi Slyhc inefhod, is wit Inn tlie range of variation pievioiidy 
found 

‘B ’ substaiicf', lesiduc protein and a\1io1c piotein, outlie other hand, do not 
difter 111 nitrogen distiibution either fiom eadi othei or from the whole proteins 
previously analysed by van SI}ke\ method 

Toiicily — The ‘ A ’ uid ‘ B ’ substances and tlie icsiduc proteins were prepared 
in the usual \\a> fioin clioleia vibrio 1G17 and cholcia-like vibrio W880, except that 
tlie final piocipitates weic not diicd, but weie taken up in distilled water Tenmg 
of each of the si\ fiaclions weic injected intrapfiitoiieally into giunea-pigs weighing 
about 250 g Dining the fii-^t ^ix houis after the injection, the animals w'ere quie 
and lefuscd food Within 18 hours the effect of the injected substances had com 
pletely disapjieaied and the animals became as active as the iioimal controls JNo 
difterenees weie appaicnt in the effect of the various fractions, and no symptoms 
of toxicit)’’ sliowed themseh es in the animals 

Ten mg of each of the si\ fiactions w'cre also injected subcutaneously into the 
skin of the shaved abdomen of an albino rabbit In no case did anj’’ pronoimcc 
reaction occur until neaily 48 Jioius after the injection The'swelbng and m am 
mation which were in evidence between 48 and 96 hours ma)^ safely be attiibu e 
to the foieigii pioteins as such and not to any special toxic quahty, which 
ordinarily tend to have its eftect wnthin a few hours As m the case of the ^ 
pigs, no difieiences appeared between tlie fractions from the cholera vibrio an 
cholera -lilre vibrio The ‘ A ’ substances gave less reaction, which is in consona 

with their simpler structure as showm by their lower lotatory power j 

nitrogen distribution But the reaction to ‘ A ’ is of the same kind as to ^ 

the residue protein (i e , a reaction to a foreign protein), though less in degree 


Discussion 

In the present state of our knowledge of the vibrio proteins we are 
not justified in concluding that the ‘ A ’ and ‘ B ’ fractions are distinct c le 
entities which the vibrios possess As Gortner (1929) states, ‘ the mere lac 
one can repeatedly isolate a given quantity of protem from jg 

using a rigidly standardized technique, is no valid proof that the materia w 
isolated constitutes a chemical entity ’ We should rather hold the view \ i 
‘ A ’ and ‘ B ’ fractions are simply those portions of the whole vibrio protein 
are soluble under the given conditions Gortner (toe ett ) and his co-wor ers 
shown that relatively slight modifications in the technique of extractmg 
fractions from wheat-flour will bring about marked differences in these 
and there is no reason to suppose that the same would not be true for vibrio pro ^ ^ 

This pomt of view appears to hold in the present experiments especially OJ" 
fraction, which in specific rotatory power, rate of change in rotatory power 
nitrogen distribution, is very close to the residue protem ‘ B ’ _ +],e 

accordmgly be that aliquot portion of the whole protem which is soluble un , 
conditions which we have used If some part of the technique is changed, 
the more soluble globulins are used as the source of ‘ B ’, this substance 
increased amount ‘ A ’ substance, which differs markedly from ‘ B and re 
protem in all the experiments, may be found to be a separate chemical en i y 
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serological study of these fractions winch is now in progress should enable us to 
answer this question 

Our chief interest, however, m this paper as in the others in this series, is to 
compare the constituents of the cholera vibrios and the cholera-like vibrios The 
experimental evidence which we have given above points directly to the chemical 
identity of the similarly designated fractions from the two types of protein No 
chemical diSerences could be found between the ‘ A ’ substances derived from 
Protein I and Protein II , they were indistingmshable in percentage yield, in rotatory 
power and in mtrogen distribution The ‘ B ’ substances from whatever protein 
source appeared also to be identical, and at the same tune they are closely allied to 
the residue proteins Furthermore, we have already shown that the nitrogen 
distribution in the whole proteins of the two groups is the same While this evidence 
cannot be considered conclusive until the serological work is completed, it all points 
to the same tentative conclusion, namely, that Protein I and Protein II drSer 
because of the arrangement of their constituents, and that these constituents are 
the same in both groups 


Summary 

Two acid-soluble protein substances, designated ‘ A ’ and ‘ B ’, have been 
isolated from a group of vibrios in which the following strains were included 
cholera vibrios, cholera-hke vibrios, smooth, smooth-rough, and rough vibrios The 
proteins of these vibrios belonged about equally to Protein I and Protein II as 
defined m our earher work (Linton, Mitra and Shrivastava, 1934o) 

‘ A ’ substance, which dissolves out of the vibrios at 60°C in alcohol made 
0 025 N with HCl, has a specific rotation of about — 12 0° (in N/2 alkali after 2 
hours at 37°C ) and a nitrogen distribution which is characterized by the possession 
of about twice the amount of amide nitrogen and half the amount of humin nitrogen 
occurring in the whole protein ‘ A ’ occurs in both the pseudo- and euglobulin 
fractions of the protein, appears to increase when the whole protein is kept for 
two weeks in distilled water at 10°C , and is destroyed when extraction is attempted 
m 0 125 N HCl Its yield is usually about 1 to 2 per cent of the dried weight of the 
vibrios, although we were unable to arrive at completely constant results in respect 
to the amount extracted 

‘ B ’ substance was obtained after the removal of ‘ A ’ by boihng the vibrios for 
15 minutes in 75 per cent alcohol, diluted with normarsaline, and made 0 05 N with 
HCl The material removed by this method has a rotatory power of about — 46 0° 
and a nitrogen distribution indistinguishable from that of the whole vibrio protein 
‘ B ’ IS found in both the globulin fractions, and, like ‘ A ’ substance, comes in larger 
amounts from the euglobulin Its yield does not appear to be affected by high 
concentrations of HCl, nor does it increase in vibrio protein kept in the refrigerator 
in distilled water In general, ‘ B ’ substance is about 6 per cent of the dry weight 
of the protein, but as m ‘ A ’ the percentage yields are not constant 

A comparison of all the chemical findings indicates that the ‘ A ’ substance is 
very similar from whatever type of strain or protein it is extracted ‘ B ’ substance 
differs markedly from ‘ A ’, but again is the same irrespective of source ‘ B ’ is 
closely allied in composition to the residue protein vhich remains after the two 
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acid-soluble fractions have been removed, and is also identical with the whole 
protein, in so far as chemical methods allow us to judge 

None of the fiactions is toxic when given mtrapontoncally to guinea-pigs, 
nor do they give rise to skin reactions indicative of toxicitv when administered 
subcutaneously to rabbits 
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The elementary constituents of the cholera and the cholera- 
like VIBRIOS 

This note deals briefly with a quantitative analysis of the elementary consti- 
tuents of the vibrios, the percentages of fat in the vibrios, and the analysis of the 
ash of vibrio proteins The four groups into which the vibrios are divided m the 
table represent the division of these organisms on the basis of their protein and 
carbohydrate structure which we have put forward elsenhere (Lmton, Mitra and 
Shrivastava, 1934a) The method for the purification of the proteins and for the 
extraction and determination of the fat content has already been described (Linton, 
Mitra and Shrivastava, 1934) 

Table 


Percentages of fats and of some elementary constituents in the cholera and 

chol&ra-lilce vibrios 


Vibno group 
number 

1 

' Fats 

1 

1 

Carbon j 

Hydrogen | 

1 

Sulphur 

Phosphorus 

1 

Nitrogen 

Ash 


' Rangoon S 


1 


0 66 

0 56 


2 42 


Rangoon R | 


' 61 46 

8 33 

0 64 

0 59 


2 42 

I ■ 

1617 


51 57 

8 32 

0 67 

0 53 


2 30 


464 




0 67 

0 60 



1 

1612 

2 05 


! 






( 309 ) 
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Table — concld 


Vibrio group 
number 

Fats 

Carbon 

1 

} Hydrogen 

1 

Sulphur 

Phosphorus 

Nitrogen 

Ash 

Tl 

r ioo 


50 10 

' 7 93 

0 62 

0 60 

14 68 

3 04 


1 E 

2 30 


1 


0 55 

14 35 



’ Rasr ih IV 

2 29 

51 06 

1 8 66 

0 53 

0 56 

13 95 

2 32 


W307> 

2 20 


1 

0 60 

0 57 

14 64 

2 29 

III ^ 

W880 



t 

0 61 

0 53 

13 76 

2 40 


25 

2 79 


1 


0 49 




W467 

2 74 




0 60 




W7S5 

2 68 




0 60 



ivf 

El Tor 

2 80 

51 76 

8 56 

0 64 

0 61 

13 83 

2 67 

1 

79B 

2 50 

( 


1 

1 

0 66 

0 66 

14 35 



Protein weigliing 44 05 g , derived from the above vibiios, was Ignited Tlic 
yield of ash was 1 21 g (2 75 per cent) and its composition was as follows — 



Per cent 


Per coni 

PO, 

36 81 

K 

6 76 

Fo 

0 08 

Na 

33 10 

SO, 

2 16 

Cl 

19 98 

Mg 

Trace 

Ca 

1 03 


1 study on the aspect of the vibrios treated in this note appears to he 

United to the work of Cramei (1895, 1897) and of Nicolle and Alilaire (1909) The 
a er V 01 vers included one vibrio among the organisms which they studied 
ramer ma c the important discovery that the elementary composition of the 
vibrios varied with the medium upon which they grew He showed that the vibrios 

elementary composition and that the inorganic content 
con e c anged at will by varying the composition of the substrate 

All the five strains which Cramer used were of human origin It was obviously 
possi e a a time to have studied them in relation to bacterial variation 
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Our purpose here has been to study a larfjer senes than his, drawn from a variety of 
sources, and witli known carbohydrate and protein composition A comparative 
study of the cholera and the cholera-bke vibrios, such as we are makine, would not 
be complete without a consideration of the elementary composition of the members 
of the two firoups 

It IS evident from the table that the vibrios do not differ significantly among 
themselves m any of the constituents which we have studied All contain about 
0 5 per cent of phosphorus and a slightly greater percentage of sulphur Carbon, 
hydrogen and nitrogen show the values usually obtained for normal proteins, and 
the fat content of about 2 5 per cent is that found for most bacteria, except those 
belonging to the acid-fast group The average figure for nitrogen js 14 0 per cent 
which IS equivalent to a protein content of 87 5 per cent As we have already 
shown, the specific carbohydrate content is variable, depending upon the type 
of growth, but is in general 6 to 8 per cent of the vibrio body The figure for ash 
of 2 5 per cent on the ayerage is calculated at the minimum and would be 
somewhat larger if the state in which the constituents exist in the protein were 
taken into account These figures, together with the ayerage figure of 2 5 per 
cent for the fat content, make up the total yery close to 100 per cent, and allow 
us to conclude that any other possible constituents of the vibrio body must be 
present only m small amounts 


An analysis op the POLYSACJCHAEIDE of a GEOUP III VIBBIO 

Vibrio W880, which we received through the courtesy of Captain C L Pasricha, 
IMS, was isolated from the Hooghly Riyer m June 1933 It is morphologically a 
typical vibrio, not agglutinable with anti-cholera serum, produces indol and is 
smooth to Mdlon’s test It is reported to be lysable by a vibrio ’phage derived 
from water 

Our previous work had shown that it was composed of protein II, and that the 
characteristic sugar in its polysaccharide was arabinose It, therefore, fell into 
our vibrio group III, which contains all the water-vibrios we have analysed up to 
the present Our purpose in the present experiments was to study its specific 
polysaccharide more closely, according to the methods we have used previously 
(Linton and Shrivastava, 1933, 1933a) 

Three and one-half g of the purified specific polysaccharide were added 
to 5 c c of II2SO4 diluted 1 1 and the mixture placed at 37°C for 20 hours 

This mild treatment resulted in the appearance of 18 per cent of reducing 
substances, calculated as glucose Since it was believed that arabinose, which 
is easily destroyed by acids, was present we did' not "^hydrolyse' further by 
stronger methods 

The sulphuric acid was removed from the hydrolysate by CaCOg, and the 
calcium salt of the aldobiomc acid prepared'and precipitated out'by'the addition 
of alcohol The supernatant'fluid was concentrated and'a~phenylosazone”prepared 
from it The purified crystals had a meltine noint of 158°C to 160°C The 1 nown 
arabinose compound melts at 160°C 

J, MP 
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best fixative for demonstration of acid-fast bacilli, but it causes mucb shrinkage of 
tbe tissue 

[h) The Ircatmcnt of ihc section before staining — Tlie removal of paraffin by 
xjdol and of xjdol bj'’ alcoliol has an effect on the subsequent staining of bacilli 
Either xydol or alcohol acting sepaiately has a sbghtlj harmful effect, but xylol 
followed by alcohol has a still greatei effeef We have found it advisable to use 
xylol only, omitting the use of alcohol, and removing the excess of xylol by thorough 
blotting and rapid diying by waving the slide in the an 

(c) Staining with caihol fiichsin — ^AVhile in staining smeais, heating for 10 
minutes or less m 1 per cent carbol fuchsm is satisfactory, m sections we have 
obtained far better results by using stronger (4 per cent) carbol fuchsm at room 
temperature for longer periods (30 minutes) Apparently the reduced acid-alcohol- 
fastness makes stronger staining necessary 

(d) Decolor izalion of tissues aftei carbol fuchsm — Since the bacilli in sections 
have very little alcohol-fastness, u atery acids, and not acid-alcohol, must be used 
for decolorization 

(e) Counterslaining — For similar reasons counterstains must not contain much 
alcohol, preferably none at all, and tliej'’ should be used for as short a time as 
possible 

(/) Dehydration after staining — ^Alcohol must not be used We have found 
blotting with filter-paper and drying in air satisfactory 


A SATISPACTOEY METHOD 

The tissue is fixed in 70 per cent alcohol, 10 per cent formalin or Zenker’s fluid 
It is dehydrated as quickly as possible , 70 per cent alcohol for 24 hours, 95 per cen 
alcohol for 6 hours absolute alcohol 12 hours, is usually suflicient The tissue is 
then cleared and embedded as usual, and sections are cut The sections are floate 
on to slides which have previously been smeared with a trace of egg-albumen fixative 
(white of egg 50 c c , glycerin 50 c c , sodium salicylate 1 gramme) and the slides arc 
placed overnight in an incubator The parafifin is removed by xylol (3 changes) 
and the section is then blotted with clean filter-paper, and dried in the au for a few 
seconds , it is then washed in water (In sections fixed in Zenker’s fluid the mercury 
must then be removed by Lugol’s solution ) 

A small piece of filter-paper about three-quarters of an inch square is then 
placed over the section, and Kinyoun’s carbol fuchsm'*' is filtered on to the slide 
The filter-paper prevents deposition of stain on the section and ensures that tie 
section remains covered by the stain The stain is left on at room temperature for 
half an hour, and then washed off with water The slide is then dipped 
per cent acid (HCI or H2SO4) in water for a period varying usually from ^ / 

seconds according to the thickness of the section As soon as most, but not all, 0 
the red has disappeared, the slide is removed and washed in waterf It f 


* Basic fuchsm 4 g , phenol crystals S g , alcohol O') per cent 20 c c , T^atcr lOl) c c 
t At this point the slide may be dipped for one second only into acetone and washed nsa>n 
in water This procedure completes the decolonzntion of the tissue without decolorizing appwcia j 


the bicilli anl thus cleans up the section \ory well 
IS often very useful 


This procedure is not always nccessari 


but it 
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stained for about half a minute only in Delafield’s heematoxylin and again 
washed in water To improve the nuclear staining the section is then dipped for 
one second only in 1 pei cent acid in water, washed, and then dipped for a few 
seconds m weak ammonia water and washed again thoroughly As a cytoplasrmc 
counterstain a solution of orange G m water^ is used for a few seconds Without 
washing the section is blotted with filter-paper, dried rapidly in air, cleared 
in xylol and mounted in neutral balsam 

This method used with care and judgment is capable of givmg beautiful results, 
and with a little experience it is found that these results are very constant Failures 
are practically eliminated Tissues which when stained by the common methods 
show no or few bacilli, when stained by this method often show some or many 
bacilli The percentage of positive findmgs m tissues examined has greatly 
increased, and the number of bacilli found in positive lesions has also greatly 
increased 

It IS true that for cell-stainmg this method is not ideal, but on the whole it is 
surprising what good staining of nuclei and cells is obtained A study of the nature 
of the cells and of the relation of the bacilb to the cells is usually quite easy If 
more critical cell-staimng is desired it is usually necessary to cut serial sections, and 
to stain one section for bacilli and the next for cells 

Ir the section is being examined merely for the piesence of M leprcB, good cell- 
staimng not being required, the method described may be modified as follows The 
section after decolorization is counterstained for a few seconds with weak methylene 
blue, washed in water, blotted, dried, cleared in xylol, and mounted lu balsam 
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Cholera broke out m the Silchar and Hailakandi sub-dmsions of Cachar in 
September 1933 By the second week of October it was widely distributed in both 
areas and the opportunity was taken to try and stem the epidemic by vaccination 
and by treatmg the cases with essential oils in Silchar, and with bacteriophage 
alone in Hailakandi 

In Silchar, vaccination of contacts and treatment of cases with essential oils 
had been carried out from the beginning of the epidemic Five thousand inocula- 
tions had been done by the 8th October, 1933, by which tune there had been 34:9 
cases, 1 e , 14 were vaccinated for each case , but vaccmation on a large scale began 
on the 11th October, 1933, and was carried out by R A H and a staff of forty 
assistant and sub-assistant surgeons In four weeks 98,827 moculations were 
given 

Hadakandi was entrusted to one of us (E M R ) on the 17th October 1933 
and he with five assistants had distributed bacteriophage to the 316 villages in 
the sub-dmsion by the 22nd October, 1933 

Bacteriophage had not been used m Cachar before and there was some 
hostility shown to the experunent As a placebo, Aaccination was permitted 

( 317 ) 



of Vaiwus Ticalments on Choloa Mortality 

^ f aftei the 2Gth October wlien it was expected that the results 

of the pha^ experiment would be evident The ’phage stafi did not vaccinate 
but the official returns claim that 15,608 vaccinations were done hy the 
mstrict officers in Hailakaudi between the 8th October, 1933, and the 26th 
November, 1933 

The areas under consideration are two parallel and adjacent valleys running 
north and south They contain streams which flow north to enter the Barak river 
The population of Silchar is 386,695 and that of Hailakandi is 150,992 In both 
valleys the cholera was confined to villages along the river banks so that the popula- 
tmns at risk were not so divergent as the census figures would indicate One of us 

(RAH) puts the populations of the infected villages at 110,000 and 67,000 res- 
pectively ® 

The people of these valleys are similar m caste, in housing and m habits There 
was no selection of cases for treatment in either valley ^^ffiether a case was 
vaccinated and got essential oils or was given bacteriophage depended on which 
remedy was available in the village Records were obtained on the form in the 
Appendix It was not possible to sciutinize these records on the spot to the 
extent done m our previous work in Sibsagar and Darrang but, frequently, 
villages were visited twice or oftener by different medical officers and duplicate 
or triplicate reports weie received These are remarkably consistent, varying 
only in unimportant details \Vhere the dates differ, those given by the 
medical officer who visited the house within a day or two of the cases have 
been taken Cholera vibrios were obtamed from cases in both valleys and 
sera from convalescent cases The results of agglutmation tests with the 
sera are given m Tables I, I-A and I-B — 


Table I 


Area 

Negative 

1/25 

1/50 


1/200 


1 

1/760 

1/1,000 

Totals 

Silchar 

38 

1 

2 

19 

6 

9 

2 

4 

8 

1 

91 

Hailahandi 

33 

4 

14 

15 

15 

5 

0 

7 

2 

95 

1 

Totals I 

1 

1 

1 


6 

33 

20 

21 

7 

4 

16 

j 

6 

180 







Serum agglutinations, Stlckar suh-chvision 
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The 17th October, 1933, was the first day on which bacteriophage was given to 
any (Jxtent (Graph 1) The'mortality in each area before and after that date is 
shown in Table II and Graphs 2 and 3 — 

Graph 1 



I 
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Table II 



Before 17th October, 
leas 

On AND AFTER 17tii Goto PEE, 
193S 

Area 

1 

Cases 

1 

DeaFLa 

Mortality 

Cases 

1 

Deaths 

Mortality 

1 

Silohar 

7S7 

1 

454 

57 7 

701 

334 

49 1 

Hailakandi 

224 

124 

55 4 

711 

170 

23 9 


The epidemic began in Silchar about a fortnight before it began in Hailakandi , 
allowing for this the first parts of the ascent of the graph for each area are alike 
’Phage was begun in Hailakandi when the ascent was most rapid, i e , between the 
17th and the 22nd October, 1933 

Both epidemics ended in the fourth week of November 1933, except for two 
cases which occurred in Hailakandi in December In Table III the treatments 
which were given in each valley are analysed — 

Table III 


Treatment of cholera %n Cachar, 1933 


Treatment 

Silohar 

Hailakandi 

Total 

Morta- 

Cases 


Percentage 

1 

Cases 1 

Died 

1 

Percentage 

cases 

hty 

No treatment 

804 

1 551 

68 5 

154 

120 

77 9 

958 

70 04 

Vaccinated only 

67 

39 

53 2 

2 

1 


69 

67 9 

Vaccinated and 
essential oils 

83 

21 

25 3 

1 

9 

2 


92 

1 

25 0 

Vaccinated no date 
and essential oils 

2 

1 





2 


Vaccinated and 
bactenopUage 

8 

0 


56 

12 

21 4 

1 

64 

18 7 
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Table JII — conoid 


1 

i 

Treatment 1 


Silciiah 

HAILAKA^DI 

Total 

1 

! 

Morta 

hty 

Cases 

! Died 

1 

' Porcontnge 

Cases 

Died 

1 

Percentage j 

1 

1 

cases 

Vaccinated, c'isen 

1 1 a 1 oils and 
baotenophagc 


1 

1 

1 

1 


1 

j 


Essential oils only 

481 

17G 

30 C 

61 

24 

47 1 

632 

37 6 

Essential oils and 
saline 

1 

0 


0 

0 

1 

1 

I 1 

1 


Essential oils and 
calomel 

1 

1 


0 

0 

! 

i 

1 

1 


Essential oils and 
bactenopliage 

1 

1 



2 

1 

11 

i 


Saline and perman 
ganate of potass 

2 

1 

0 

1 


1 

1 

1 

1 

0 


1 3 


B a c t e r 1 o phage 
inthin 48 hours 

24 

6 

20 8 

617 

131 

21 2 

641 

21 2 

1 

1 

Ba c 1 0 r i o phage 

after 48 hours i 

1 

9 

1 


29 

i 3 

1 


38 

1 1 

10 6 

Baotenop hage 
within 48 hours 
and saline 




3 

1 


' i 

1 

, 


Chlorodyue 

4 

1 

2 1 


0 

0 


4 


Calomel 

1 

0 1 

1 


2 

1 


3 

I 

L— — = 


Totals 

1,488 

798 

53 6 

i 

936 

298 

31 9 

i 

2,423 

45 23 


Before studying these mortalities we mav examine how far the intended 
tiation of the two valleys by treatment was attained The population oi i < 
386,695 and that of Hailakandi is 150,992 but one of us (R A H ) estxma 
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popuhtion of the infected villages in Silchar to be 110,000 and m Hailakandi to be 
67,000 Befoie accexiting tins we applied Colonel Russell’s estimate that in Madras 
in the same houses the incidence of cholera was 0 41 and 2 1 per cent among 
inoculated and non-iuoculated respectively Using these percentages and the figures 
in Table III the population at risk in Silchar and Hailakandi were 102,260 and 57,900 
respectn ely The figures given by R A H may, therefore, be accepted as a reason- 
able approximation if the incidence of cholera m both inoculated and non-inoculated 
was slightly lower than in Madras 


Table IV 


Distribution of 
treatments 

Silchar 

Hailakandi 

Totals 

Observed 

Expected 

1 

Observed 

Expected 

1 

x" 

Escaped cholera 

108, ‘512 

108,494 176 

0 003 

1 

66,065 

66,082 817 


174,677 

No treatment 

S04 

695 367 

73 111 

164 

362 b33 


968 

Vaccination 

160 

141 695 

2 365 

68 

86 306 

3 882 

228 

Essential oils 

484 

338 701 

62:332 

01 

206 299 

1 

198 607 

545 

’Phage 

33 

423 842 

360 411 

649 

258 168 

591 721 

682 

Sundry 


6 215 

0 099 

3 

3 785 

0 163 

10 

Totals 

1 

110,000 


1 

67,000 

1 

1 

177,000 


Table IV shows the distribution of treatments compared with what might be 
expected in a distribution proportionate to the population In both valleys the 
number attacked and the number who escaped approximate to what might be 
expected m a proportional distribution The untreated were 209 or 35 per cent in 
excess and the same number or 68 per cent in defect in Silchar and Hailakandi 
respectively There was less difference between the two valleys in the inoculated 
Of those at risk Silchar had only 18 cases or 13 per cent more than might be 
expected and Hailakandi had 18 or 21 per cent less The actual figures for 
vaccination from 7th October to 25th November, 1933, are 106,983 and 15,608 
respectively If all the Hailakandi vaccmations were persons at risk then about 
39,000 of the 106,983 vaccmations in Silchar may also have been people 
at risk 

In the essential oils group the difference between observed and expected is 145 
These cases were in excess by 43 per cent in Silchar and in defect by 70 per cent in 
Hailakandi 
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Bacteriophage cases were 92 per cent in defect in Silchar and 150 per cent in 
excess in Hailakandi In spite, tlierefore, of tlie extensive vaccinations done in 
Silchar the leal difference, if this way of looking at it is correct, lay in thebacteno 
phage, to a less but significant extent in the use of essential oils or of no treatment 
and compa rativelj^ little in vaccination We do not seem to have a vaccinated and 
unvaccinated area though the figures for vaccination m Table V give tins 
impression — 

Table V 

VxUage mcemahons, CaeJiar district 


Week ending 

Silchar 

Hailakandi 

October 14th, 1*133 

12,440 

241 

„ 21st, 1933 

2S COG 

1,23C 

„ 28tb, 1933 

36,349 

2,805 

November 4th, 1933 

21,426 

6,S2S 

„ 11th, 1933 

1 6,346 

1 3,912 

„ 18th, 1933 

810 

166 

„ 21ith, 1933 


418 

Totals 

105,983 

16,608 


In Table VI, 804 untreated cases m Silchar show a mortality of 68 5 per cent an 
154 cases in Hailakandi, a mortality of 77 9 per cent The mortality for males i 
Silchar was 65 7 per cent and in Hailakandi 77 2 per cent For females the 
mortality was 71 5 per cent and in Hailakandi 78 7 per cent The age-group mo 
lities are remarkably consistent The standard deviations of the mean mortalni 
are 4 9 and 2 09 respectively The relatively low mortality of 43 9 for male clnlc re 
under 5 years of age m Silchar is the chief factor in reducing the Silchar morta H 
In Silchar 68 3 per cent of the deaths occurred within 48 hours, m Hailakan i 
per cent 

IVhen the untreated cases are distributed in weekly periods Tables VII 
VIII show that the mortality in Silchar varied from 54 7 to 85 7 per cent, m Ha 
kandi from 73 6 to 82 7 per cent (grouping the last month) Whether the morta^^^) 
m Hailakandi is compared with the corresponding week in Silchar or with 
figures a fortnight later is immaterial, the tendency is for the Silchar figure to be e 
than the Hailakandi The difference for cholera is so little that we are not jus > . 
in taking the disease to be of different virulence in the two areas In neither ia 
VII nor VIII IS there any evidence of a lower mortality towards the end oi 
epidemic 
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Bacteriophage cases were 92 per cent in defect in Silehar and 150 per cent in 
excess in Hailakandi In spite, therefore, of tlie extensive vaccinations done in 
Silchar tlie leal difference, if tins way of looking at it is correct, lay in thehacteno 
phage, to a less Init significant extent in the use of essential oils or of no treatment 
and comparatively little in vaccination We do not seem to have a vaccinated and 
nnvaccinatcd area though the figures for vaccination in Table V give tins 
impression — 

Taums V 


Village vaccjnahons Cocliar distnef 


Week ending 

Silchnr 

Haileknudi 

October 1 4th, 1*133 

12 446 

241 

„ 21^1, 1933 

2S,C0C 

1,236 

„ 2Sth, 1933 

36,349 

2,895 

November 4tb, 1933 

21,426 

0,828 

„ 11th, 1933 

6,340 

3,912 

„ 18th, 1933 

! 810 

166 

„ a'lth. 1933 


418 

ToT&ns 

105,983 

16,608 



Mortahty by age and period, Hailakandi sub-division 
Untreated cases 
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lu Table IX the essential oils cases m Silchar and the ’phage cases in Hadakandi 
are arranged by age and sex Among 481 cases given essential oils the mortahty is 
36 6 per cent and for 617 cases given ’phage it is 21 2 per eent The standard 
deviations are 4 02 and 3 33 respectively 

Untreated groups aie weighted by cases that die within a few hours before they 
can get treatment and treated groups have correspondmgly fewer deaths Were it 
possible to take alternate cases the moment they fell ill this would not happen, but, 
in a rapidly fatal disease like cholera, where out of 958 untreated cases 274, or 
28 6 per cent, die on the day they fall ill, this must happen How far this has 
happened m Silchar we cannot estimate for the untreated were 804 and the cases 
having essential ods 481 But m Hailakandi it does not matter Before the 17th 
October in Hailakandi there were 45 cases receiving only essential oils with 22 deaths 
Among the ’phage cases there were 8 treated on the first day, 16 on the second day and 
12 later All the last 12 recovered , they may have been on the way to recovery 
before receiving ’phage and we may transfer these 12 to the untreated group With 
this addition the untreated m this period were 133 with 92 deaths giving a mortality 
of 69 per cent for the untreated, 48 9 per cent for the essential oils and 16 7 per cent 
for the ’phage groups respectively 


Table X 


Analysis of cases in Hailakandi before ITth October 


1 

Treatment 

R 

D 

Treatment 

R 

D 

Essential oils 

23 

22 

Vaccinated 

1 

0 

Essential oils and 
’phage within 48 
hours 

3 

1 

Vaccinated and 

essential oils 

7 

1 

Essential oils and 
’phage after 48 
hours 

3 

1 

Vaccinated and 
’phage after 48 
hours 

0 

2 




Chlorodyne 

1 

1 

’Phage on 1st day 

7 

1 

Untreated 

29 

92 

„ 2iid „ 

13 

3 




,, later 

12 

0 

1 





R — ^Recovered D — Died 


After the 16th October m Hailakandi there were only 33 untreated cases This 
illustrates the rapidity with which ’phage can be distributed to a large area If we 
transfer these 33 untreated cases with their 28 deaths to the ’phage group and 
deduct the above 12 recoveries the weighted mortahty for 638 cases is 24 9 per cent 
as compared with 36 6 per cent in the essential oils group m Sdchar, the latter hems 
unweighted ® 
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Essential oils tieatment was not available in Silcbar as ’phage was in Haila- 
kandi , for the ratio of cases getting essential oils to untreated was 5 to 8' while the 
ratio of cases getting ’phage on the fiist daj^ to untreated in Hailakandi after the 
l7th October was 642 to 33 oi 17 to 1 

While, therefore, we can sa}’’ definitely that the ’phage mortality was less than 
24 9 per cent the mortahty for essential oils was certainly not less than 36 6 
per cent 

We may, however, compaie the eftccts of the two treatments on cases surviving 
the first two days of illness, on the deaths from suppression of urine, heart failure, 
recrudescence of diarrhcea or secondary pneumonia Here, if treatment is available, 
the longer a patient lives the more chance has he of getting treatment and of being 
transferred from the no-treatment class when he was no longer likely to die or when 
it was too late to help him 

By limiting the ’phage cases to those wlio got ’phage on the first day, we avoid 
the reception into this group of recovering cases transferred from the untreated 
groups 


Table ZI 





Deaths on 1st and 

) Deaths on 3ed dat 




2nd 

DAYS 

AND 

EATEE 

Area 


Treatment 

1 

. 

Total 





1 

1 

cases 

1 

jN'umber 

Mortahty 

Number 

Mortahty 


1 

Untieatcd 

804 1 

370 

46 8 

176 

218 

Silchar 


Essential oils 

481 

1 

81 

1 

16 8 

95 

19 8 


/ 

Untreated before 

121 

1 

' 61 

60 4 

31 

26 0 



17th. October 






Hailakandi < 


Untreated after IGth 

33 

20 

78 S 

2 

61 


October 








’Phage on first day 

642 

GO 

11 07 

46 

8 49 


In Silchar, Table XI, the untreated and the essential oils mortalities were 
nearly alike after the third day of illness Among the deaths on the first and secon^ 
days the untreated deaths preponderate , either treatment with essential oils wa 
usetul or the treatment was not being given early enough to include the fnlmma mg 
cases Unfortunately in very few cases was the time of givmg essential oils no > 
though this was asked for in the form , 

In Hailakandi after the 16th October the mortahty m the small untreate^ 
group IS so high for the first and second days that it may be overladen with mlmma 
ting cases and the subsequent mortahty may be under- weighted with deaths m 
We may, therefore, transfer the whole group to the ’phage class and then the mo a 
Iity in the ’phage class, weighted with 33 imtreated cases and 28 deaths on tne nr 
two days, was 16 per cent and 8 5 per cent thereafter as compared with 60 per ce 
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and 25 per cent among the untreated m Hailakandi and 47 per cent and 22 per cent 
in Silcliar In nearly all the Hailakandi cases the hour of onset of the disease and 
the hour when the ’phage was given were recorded, so that ’phage on the first day is 
definitely ’phage within 24 hours of the onset ’Phage was given on the first day of 
illness to 542 cases, the mortahty was 19 6 per cent Of these 36 died on the first 
day and 24 on the second ’Phage treatment began on the second day m 75 cases, 
these had a mortality of 30 per cent and 10 died on the day treatment began The 
days on which death occurred in these two groups are shown m Table XII — 


Table XII 


Day of illness on which death occurred 


Day 

B 


3 

4 

i ^ 

i 

6 

1 

8 

9 


1 




’Phago on 1st day 

30 

1 

24 j 

18 



B 

1 

1 

3 

! 

B 

,1 

I 

B 

1 

1 

106 

’Phage on 2nd day 


10 

7 

2 ' 

3 

1 

1 

1 

0 

1 

i 

1 

1 

1 

1 

1 


I 

26 


Comparmg the deaths in both groups among those who survive the first two 
days we have — 

Table XIII 



Cases 

Deaths 

Mortality 

’Phage on 1st day 

482 

46 

9 6 

’Phage on 2nd day 

65 

16 

23 1 


This seems to indicate a significant effect from the early administration of 
’phage 

The last 37 ’phage cases in Hailakandi at the tail of the epidemic when the 
disease was no longer spreadmg had a mortahty of 45 per cent We noticed this 
happened in Sibsagar and Darrang m the last few cases Unfortunately from 
these cases we did not obtain samples of the stools It may suggest that mortahty 
and the infectiousness are two attributes of cholera which need not go together 

It IS possible the explanation of this may be found m laboratory experiments in 
progress which show that different combinations of ’phage types as distinct from 
single types have very different actions on the vibrio 

Vaccinated persons received 1 c c of anti-cholera vaccine containing 8,000 
milhons per c c The 69 persons who were only vaccinated had a mortahty of 57 9 
and of 14 vaccinated seven days or more before they fell fil 8 died 
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Table 

Vacctnald cam 


Dais pKEnons lo nxsrss os 


Days — 

0 

1 

0 

” 

B 

B 

5 


7 

8 

9 

Treatment 

K 

D 

R 

D 

R 




R 

D 

R 

D 

R 

D 

R 

D 

E 

D 

R. 

1 

Vaccinated only 

o 

3 

J 

0 

1 

9 


1 

7 

8 

1 

0 

3 

0 

1 

3 

1 

1 

1 

0 

Vaccinated and essential 
oils 

14 

3 

12 

5 

14 

0 

14 

0 

c 

1 

2 

0 

3 

0 

1 

2 

1 

0 



t 

Vaccinated and bncteno 
phage 

4 

2 

13 

2 

0 

2 

7 

2 

2 

1 

8 

2 

4 

0 


1 



1 

0 

Vaccinated, baotenophago 
and essential oils 





















Totals 

20 

8 

28 

10 

20 

17 

27 

11 

14 

10 

11 

2 

10 

0 

G 

c 

2 

1 

2 



B — KecoTcre^ 


Days oh whioh death ocotobed 


Days — 

1 

2 

3 

4 

6 

6 

7 

6 

1! 

Vaccinated only 

14 

10 

j 

' 2 

1 

2 

1 

2 

1 

I 


Vaccinated and essential 
oils 

7 

9 

3 

0 

2 

2 ' 




Vaccinated and , baoteno 
phage 

Vaccinated,'! bactenophage 
and essential oils 

2 

1 

i 

4 

j 



4 

i 

i 

j 

1 

1 


1 


1 

I 

1 













J Monson, E M R'lce and R A Hmjtliotntimaite 


335 


XIV 

Cacliar district 




















Mortality with different treatments, Gachai district 
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No BAOTEEIOPHAQB BaOTEBIOPHAOB 
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The no bacteriophage oases include all other treatments as well as untreated cases 
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The mimbers are small but this sample of cases is of interest in that the mor- 
tality IS only slightly less than the untreated and provides a comparison with other 
treatments , for these cases were in villages which had been visited before the 
patient took ill and where others ivere getting essential oils 

In Table XV the vaiious treated cases arc compared with what might have 
been expected had they all had essential oils In the ’phage group the deaths at 
each stage of the disease arc less 


We may compare the mortabty with ’phage treatment in this epidemic witli 
previous experiences with ’phage in Assam For this purpose all cases receivmg 
’phage at any time before death are included m the ’phage groups, and cases 
receiving any other treatment with those that had none The no-’phage groups 
are representative of the mortabty foi cholera when measures such as have 
hitherto been possible in villages are carried out, for at least some of those affected 

Sir Leonard Eogers treated 1,003 cases in his ward in Calcutta with hypertonic 
sabne and permanganate of potass with 251 deaths The mortality was 26 per cent 
It was the greatest advance in the treatment of cholera up to that time A further 
smaller series of 100 cases received atropine in addition and 100 controls had saline 
and potassium permanganate without atropine The mortabties were 11 per cent 
and 22 per cent respectively 

These cases had the advantages of a well-equipped hospital and skilled treatment 
whereas the cases in the Assam villages were in them own huts with no skilled 
nursmg The days of illness on which the deaths occurred m the Calcutta cases are 
not given but the causes of death appear under the heads, collapse, uisemia, cardiac 
failure, pneumonia, hyperpyrexia and sepsis If we assume that the deaths from 
collapse happened during the first two days of illness and that the deaths from 
other causes occurred later, we may compare the Assam results with those ot ou 
Leonard Rogers and examme the mortality m cases that survived the first two days 


Table XVII 


Place 

Treatment 

Cases 

Deaths 

Mortality 

> - -- 

Calcutta 

Saline and potassium perman 
ganate, Ist series 

669 

103 

16 6 

1 

” 1 

Saline and potassium perman 
ganate, 2nd senes 

91 

14 

15 3 

99 

Saline, potassium permanganate 
and atropine 

97 

8 

8 2 

Assam 

’Phage on 1st day 

482 

46 

9 5 


Essential oils I 

400 

95 

23 7 

99 

Untreated 

495 

208 

42 02 


Cases treated with bacteriophage on the first day, and this we have sho^\n 
can be easily accomplished when bacteriophage is in the hands of the villagers 
themselves, give results comparable with the best hospital results obtained oy 
Sir Leonard Rogers AVhere it is possible to combine ’phage with hypertonicsa me 
for the cases requiring transfusion the results should be better and this is undoubted } 
the procedure to be recommended to tide severe cases over the stage of collapse 
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STUDIES ON THE NUTRITIVE VALUE OE MILK 
AND MILK PRODUCTS 

Part I. 


BY 

N C DATTA, 

AND 

B N BANERJEE 

{From the Indmn Institute of Science, Bangalore ) 

[Received for publication, June 20, 1934 ] 

Drummond, Coward and Watson (1921) observed that butter was less potent 
as a source of vitamin A than the same amount of fat supplied in the original rmlV 
from wbich it was derived and ascribed the differences to the mechanical destruction 
of a part of the vitamin during the process of chuimng Crawford, Golding, Perry 
and Zilva (1930) working on the fat soluble vitamm of milk came to the conclusion 
that the entire vitamm A content of milk is associated with milk-fat and that there 
was no significant loss in the process of separation of fat They concluded 
therefore, that by testing the butter, it should be possible to obtam the approximate 
relative potency of milk In view of this contradictory evidence and the need for 
further knowledge regarding the relative nutritive values of other Indian milk 
products, such as ghee and curd, the present investigation was undertaken 

Ghee IS the most common fat which forms an important item m diet throughout 
India The vitamin A content of ghee was first studied by Ghosh (1922), who 
observed that several samples of Indian ghee had a vitamin content as good as 
butter but his results were obtained when vitamin A had not been distmgmshed 
from vitamin D Bacharach (1930) obtained three samples of ghee from Bombay 
which were selected as typical of those available in the open market and found that 
only one out of three samples showed a measurable blue colour with antimony 
trichloride On feeding rats with the sample which responded to the colour test 
he found that 6 g of cod-hver oil was markedly superior to 200 times the quantitv 
of ghee He remarked that for practical purposes the ghee must be deyoid of 
vitamin A and suggested that the problem needs further and ofacial investigation 

( 341 ) ^ 
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Bralimacli.an (1932) obsoi vcd that, lats, receiving a supplement of gliee to the extent 
of 16 per cent of tlio basal diet, died aftci 4 weeks Unfortunately, Brahmachan 
could employ only two i ats for his experiment It is quite likely, however, that the 
ghee and buttei obtained from the market aic mostly adulterated and, therefore, 
lacking in vitamin A We earned out feeding experiments, therefore, with the 
object of finding out the extent to which the growth promoting factor of pure ghee 
compaies with that of the same quantity of original butter 


Experimental 

Young rats of an ago of 28 to 30 days weighing 35 g to 40 g were placed on a 
vitamin A free basal diet consisting of — 

Purified rice starch 71 parts 

Casein (B D H ) 20 „ 

Salt mixture (McCollum) 4 „ 

Dried brewer’s yeast 5 „ 

In the first senes of experiments vitamin D was introduced into the ration h) 
irradiation of the food with a meicury vapour quaitz lamp at a distance of 28 inches 
for a period of fifteen minutes During subsequent experiments the antirachitic 
factor was supplied in the form of Radiostol, each annual receiving one drop twice a 
week during the preparatory and test periods 

In the first experiment the morning milk of a Scindi cow aged 11 years, kept at 
the Imperial Institute of Dauying and Animal Husbandry, Bangalore, was use 
The cow was [’given a measured quantity of ration throughout the course oi le 
experiment The average yield of mdk per day was 17 lb The milk yield recor 
at Bangalore dairy of the Scindi cow is given below — 


Lactation 

Milk yield, 
lb 

Days on 
milk 

Days dry 

Fat, per 
cent 

Total fsolidj 
not fat 

1 

1,370 

! 

164 

2S7 

36 

8 86 

2 

4,294 

267 

91 

40 

8 61 


Butter making was carried out at the dairy, through the kindness of the ‘ 
Dairy Expert and under the immediate supervision of Mr Cox, the Dairy ouper 
tendent — to both of whom our thanks are due Dhee was prepared in the a o < 
toiy by melting the butter and heating till it gave off the characteristic odour 
ghee Grhee and butter weie preserved in the cold room throughout the , 

the experiment From 200 g of butter 160 g of ghee were obtained A cr 
depletion period, the different groups of rats were fed with basal diet jjj 

with a liberal supply of milk (20 c c ) and a corresponding quantity of ghee * 
butter 
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Qrowlh chn)t of indivuhtnl rats on basal diet with supplements of 
null, biittei and ghee {mill used from Scindi eoiv No I) 


SuppleiAent 

Rat 

mimber 

So-s. 

Initial 

weight, 

e 

Final 
u eight, 

<T 

O 

Days under 
experiment 

Total 

increase 

111 eight, 
g 

Increase 
mu eight 
per week, 

' ft 

= 


1 

1 

1 1 1 

<f 

83 

100 

30 

86 

20 0 


2 


74 

1(.0 

30 

86 

1 20 0 

Mill , 20 c e 









“1 1 

¥ 

I 04 

130 

30 

60 

1 15 4 

1 

1 

4 

? 

i ™ 

140 

j 30 

j 70 

‘ 17 7 

1 — ^ ^ ^ — _ 






Average 

1 18 2 

1 


5 

cT 

78 

151 

30 

73 

17 0 

Milk autoclaved 



07 

142 

30 

75 

17 6 

for 15 nuns at^ 





1 



16 lb , 20 0 0 

7 

? 

73 

139 

30 

66 

1 

15 4 

> 

8 

¥ 

1 

72 

132 

30 

1 60 

1 

16 0 


Average 

16 2 


1 

q ! 

1 

d‘ 1 

1 

80 

140 

30 

54 1 

12 6 


10 


73 

121 

30 

48 

11 2 

Butter, 1 g 









11 

¥ 

08 

112 

30 

44 

10 2 


12 

¥ 

00 

106 

30 

40 

9 3 

Average 

10 8 


13 


08 

119 

30 

51 

11 9 

Ghee, 0 8 g | 

14 

cf 

80 

124 

30 

44 

10 2 










15 

¥ 

70 

116 

30 

40 

10 7 

1 

1 

i 10 

¥ 

or. 

113 

j 30 

47 

10 9 

Average 

10 9 


J, MB 


10 
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Tabli: II 


G/owlh cli'ot of individu'd rats on basal diet with supplements of mill, 
Gxud, butte) a)ul (jhcc {null used f)o>n a conwwn village coiv, 
daily yield of mill only 4 lb , fat 5 per cent) 


Supplomcul 

1 

1 

Hat 

numlu r 

! 

1 

L 

! 

1 Sc\ 

1 

^ Initial 

1 ^ eight, 

8 

i 

I'liml 

M eight, 
g 

Diijs under 
cvpenmeiit 

Total 
increa'ic 
in weight, 

a i 

o 

Increii'5e 

111 Height 
per iieek, 
g 


1 

r 1 

! 17 

1 

! ^ 

91 

157 

30 

Ob 

15 4 



lb 

1 ! 

1 

1 83 

152 

30 

09 

ICl 

Milk, 20 c e 

1 

I'j 

1 

1 

13b 

30 

68 

16 5 



20 j 

¥ 1 

! 9b 

16C 

30 

63 

13 5 


. 1 

21 

! 

¥ 

1 

78 

12C 

30 

48 

110 


Curd, 20 c c 


Butter, 1 2 g 


Average 


A A erage 


Average 


22 

89 

147 

30 

58 

23 d- 

80 

142 

30 

62 

24 $ 

80 

132 

30 

62 

26 ? 

82 

134 

30 

62 


26 


83 

123 

30 

40 

27 

¥ 

99 

135 

30 

36 


U3 



9 3 
84 
88 


Ghee, 1 g 

r 

i 

1 

28 

29 

30 

31 

</• 

<r 

¥ 

¥ 

1 83 

90 

i 

96 

65 

124 

130 

131 

101 

30 

30 

30 

30 

41 

40 

36 

36 

95 

9 3 

81 

84 

Average 

88 



32 


83 

151 

30 

68 

16 8 

Skimmed milk, 20 








13 0 

c e , plus butter, • 


33 

$ 

83 

139 

30 

56 

I 2g 


34 , 

1 

d" 

90 

166 

30 

66 

16 4 

Average 

14 7 
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In tlic thud set, the feeding experiment was carried out with the minimum 
qiniititj^ of milk (4 c c ) and corresponding quantities of butter and ghee The 
milk from cow No II was used A preliminary study showed that with still lower 
levels, VIZ , 2 c c and 3 c c of milk, proper and consistent growth was not obtained 



Fig 1 Growth curve of rats maintained on basal diet supplemented with (1) milk, 20 c c , (2) ghee, (3) butter 
(Ghee ond butter corresponding to 20 c o of milk fat ) 


The rats mamtained on 20 c c of milk showed the maximum growth, whereas 
those rats with the supplements of butter and ghee had a growth rate of only 66 to 
60 per cent of those on original mdk (Tables I and II) Twenty c c of skimmed 
milk together with the separated fat mamtamed groudh m rats equal to origmal 
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milk hIiow in<f that thi’ii' \\.is no loss of vitamin A m tlio process of separation of 
f.it 

I’AiiLn III 


Gwwlh clunt of })}(hv}(hial lafs inlh the mimmwn qncmhty of mil, 

ghee and huHe) 



The results of the feeding experiment (Table III) with mmimimi q ‘ 
milk, blitter and ghee show that the growth was the same ^ri +^''^^^iserved hi 
tliat tlie entire vitamin A content of milk is associated witli miik-fat as o 
Zilva and his co-wotkers (Crawford et al , loc cil) riments 

The apparent discrepancy between the results of the two sets o of 

can be explained by supposing that when the animals were fed witli -f^ith 

milk, butter or ghee at a lower level, the vitamm B in the yeast suppne • 
tile basal diet was sufficient for the lower rate of growth as required b} * 
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quantity of vitamm A piesent in milk-fat Hence equal rate of growth was obtained 
m cacli case (Fig 2) But when the animals were given milk-fat at a highei level 
{vm , 1 g of milk-fat either as butter oi ghee), the growth rate was much lower 
comp ired to original milk It is possible that in the case of original milk, the excess 
of water soluble vitamm B oi some additional factor m milk along with yeast was 
icsponsible for mcieased growth 



Fig 2 Growth onrvo ol rata maintained on basal diet 
supplemented with (1) milk, 4cc, (2) ghee, (3) butter 
(Ghee and butter oorresponding to 4 o o of milk fat ) 


It was observed that addition of Marmite along with butter and ghee failed to 
produce better growth but the addition of skimmed milk together with butter 
induced growth in rats equal to otigmal milk 

Claire, Graham and their co-workers (1933) have also observed that 0 6 g of 
yeast supplemented with mcieasing quantities of cod-liver oil, viz , 0 09, 0 27, 0 36 g 
failed to pioduce better growth than 0 09 g of cod-hvei oil Increasmg the quantity 
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of yeast failed to induce increased giowth to a great extent But the addition of 
liver to a smaller quantity of yeast resulted in impiovcd growth These suggest tk 
possibility that there is some othei factor beside vitamins Bx and Bg present in 
the water soluble fraction of milk and also in the livei as suggested by 6uha (1931) 

Buitei and ghee — The result of feeding experiments v ith rats using supplements 
of butter and ghee along with the basal diet show that the nutritive value of pnic 
ghee was as good as that of original butter The same conclusion has been reached 
by feeding rats with supplements of butter and ghee both at a higher and also at a 
lower level Butter docs not seem to lose its nutritive value m the process of 
preparation of ghee Butter-fat is exceptional in tins respect Hopkins found that 
fat soluble vitamin A in butter displays marked resistance to heat but destniction 
occurs on heating to a high temperature of 120°C by simultaneous aeration of the 
fat 

The effect of mill on the rate of grototli — Although the known facts regarding tk 
nutritive requirements of men and animals have increased during the last twenty 
years, it is diJQScult to state definitely the nature of combmations of food necessary 
for proper growth Since it has been shown by Guha {?oc cit ) that milk exerts a 
stimulatmg effect upon the growth of lats during the period when they cease to 
grow when kept on a basal diet supplemented with cod-livei oil and yeast, attempts 
have been made to study the effect of addition of milk as a supplement to some of 
the natural food-stuffs in common use 

Three different combinations of food were tested Different groups of rats 
weighing about 50 g were maintained on the following composition of food, so that 
call the groups of rats weie supplied with vitamins A and B in some form or other ^ 

(1) Kice, dhal, cooked vegetables includmg carrots 

(2) Rice and dhal with supplement of cod-liver oil and Marmite 

(3) "Wheat chappati and mdk (20 c c ) 


Table IV 



Results 

FOB FIRST 60 DAIS 


Raj's to reach 
200 g (males 
only) 

1 

Group 

i 

Rat 

number 

Sox 

Original 

weight, 

g 

Final -weight 
range, g 

Average 
increase 
III w eight, 
g 

I 1 

1 

5 


56 

140-143 

85 

1 

II i 

1 

T 


55 

160-170 

101 

1 96 

UI 1 

1 

5 

1 


64 

176-189 

1 128 

77 

1 

I 1 

' ^ 

? 

66 j 

105-113 

63 


II 

4 

? 

62 

124-130 

SO 


m , 

5 

? 

61 ' 
1 

128-140 

80 
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The effect of milk m accelerating the rate of growth is clearly shown by rats of 
group III (Table IV) which gives the growth rate for 60 days (the period of most 
rapid growth) and also the number of days required to leach 200 g The rats of 
this group showed a steady late of growth all through (Fig 3, curve 3) and was the 



l^ig 3 Growth curve of male rats maintained on (1) rice, dhal and vegetables 
including carrots, (2) rice, dhal with supplements of cod liver oil and ^larmite, 
(3) wheat ohappati and 20 o o of milk 


only group to reach 300 g which is nearly the optimum growth The rats of group 

II with cod-liver oil and Marmite had their growth rate very near to those of group 

III during 80 days, after which it became slower and slower till they reached 200 g 
to 210 g The change of supplement from cod-liver oil to milk had a marked effect 
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oil growth (Fig 3, oiuvc 2) The anim.nls of group I had a poor rate of growth 
aud reached only 140 g to 150 g Addition of 10 cc of milk slightly improved 
the growth A pionounced stimulating clTcct of milk on growth of rats was 
obseived in each case Although vegetables like cabbage aud carrots contain 
vitamins A and B, they cannot maintain optimum growth in male lats A liberal 
supply of niilL is essciihal along xoUh a vegetarian diet for proper growth during the 
growing penod 



Behaviour of female rats — The results of feeding experiments on female ra 
(group 11) using supplements of cod-livei oil aud Marmitc show that the fema 
lats grow steadily foi a period of 60 to 70 days till they reach 135 g to Vo 
subsequently they show very pool giowth Changing the supplement to ^0 c c 
of milk failed to improve groiHh The lats of gioup III gettmg wheat chappati aim 
20 c c of milk behaved in the same ivay Similar results vv ere also obtained by u 
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{loc cit) usmg basal diet supplemented witb 15 c c to 20 c c of milk Accoiding 
to him the new factor present m milk exhibits a moie marked stimulating 
effect on the growth of male rats tliau in that of females We extended the period 
of feeding experiments for one and a half years using wheat chappati and different 
supplements like butter-fat, eod-liver oil and skimmed milk As can be seen from 
Fig 4, rats of all groups had continuous growth for 70 days after whieh they showed 
very slight growth for a period of four to five months and finally they again began to 
grow better till they reach 250 g to 300 g The females seem to have three distinct 
phases m the period of growth It is possible that during the second stage (the 
period of little or no growth), whieh covers about four to five months ]ust after the 
time when they become mature, they reserve all the vitamins for their litters 

SUMMASY 

1 The growth promoting factor in the mdk of a Scindi cow (stall fed) kept in 
the Dairy Farm is slightly higher than that of an ordinary cow (pasture cow), in 
spite of the fact that the daily yield of a dairy cow is much higher 

2 The nutritive value of pure ghee is found to be the same as that of the 
original butter 

3 The growth promoting factor of curd is found to be very nearly the same 
as that of the equivalent quantity of milk 

4 Female rats showed little or no growth for a period of four to five 
months 3ust after their maturity, even with supplements of sufficient milk, butter or 
cod-liver oil 

5 For practical purposes, the nutritive value of mdk is superior to that of 
butter or ghee Mdk possesses a pronounced stimulating effect on growth and 
hence greater consumption of milk should be advocated 

Our thanks are due to Professor V Subrahmanyan for his helpful suggestions 
offered during the course of the investigation 
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STUDIES IN LIPOID METABOLISM 

Part I 

VARIATION IN CHOLESTEROL CONTENT OF BLOOD AND OF 
DIFFERENT ORGANS IN PIGEONS CONSEQUENT ON 
ADMINISTRATION OF CHLOROFORM 

BY 

N C DATTA 

[Fiom the Department of Biochemistry, Indian Institute of Science, 

Bangalore ) 

[Received for publication, June 20, 1034 ] 

Although cholesterol forms an important constituent of all living cells, its 
physiological function in the living organism is not yet properly understood The 
variation of blood cholesterol under the action of aliphatic narcotics like ether 
and chloioform has been studied by several workers with the hope of obtaining 
evidence regarding its r61e in the animal organism Duccheschi (1919) administered 
chloroform to dogs for from 1 to 1^ hours daily for several days and observed that 
serum cholesterol increased in moderate degrees during two or three days of narcosis 
and then went down to low values Mahler (1926) studied the cases operated on, 
in the Lebanon Hospital, New York, and obsei ved that under ether ansesthesia in 
man, the cholesterol increases in blood but if insulin is administered before aptes- 
thesid, there is no increase in blood cholesterol Gray (1930) observed a definite 
rise in blood cholesterol, beginning after three weeks, on repeated admimstration 
of chloroform to rabbits The observation of Gray did not agree with those of 
Duccheschi , the former explained it as bemg due to differences in the animals used 
In order to get defimte information as to the real significance of the variation in 
blood cholesterol, the present mvestigation was undertaken 

The following is an outline of the series of experiments conducted the effect of 
repeated inhalation of chloroform in pigeons on (1) the cholesterol content of blood 
(2) the cholesterol content of different tissues, (3) the relation between cholesterol’ 
and the number of red cells in the blood ’ 

Expebimental 

The pigeons were subjected to chloroform inhalation by putting them in a box 
which contained cotton-wool saturated with chloroform The birds were kent in 
an atmosphere of chloroform for from IJ to 2 hours daily before givmg them food 

( 363 ) 
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Effect of chlo)ofo))n on the cholcstool conlenlof different tissues — Fortte estrnia 
tion of cliolesteiol in diftorcnt tissues such as brain, lungs, liver, kidney and heart, 
the pigeons wcio killed and the gioss fat and adhering blood were removed from the 
tissues The difterent tissues were thoioiighy powdered with anhydrous sodium 
sulphate and subjected to exhaustive extraction with chloroform Since chloro 
foim docs not cxtiact all the lipoids, the residue was again extracted with alcohol 
and the alcohol vas removed by distillation at a low temperature in an atmosphere 
of carbon dioxide The dried residue was treated several times by boiling vith 
fresh quantities of chloioform The combined chloroform extract was kept foi 
analysis 

Estimation of total cliloiofoim extnicl — An aliquot portion of the chloroform 
extract of the difterent tissues was taken in a weighing bo+tle, the chloroform y as 
removed on a rva ter -bath at 50°C to 55°C m an atmosphere of carbon dioxide 
The bottle was dried in a desiccator and weighed 

Estimation office cholestciol — The free cholesterol was estimated gravimetnctll} 
as cholesterol digitonide The technique employed by Jowett and Lawson (1931) 
was followed 

Estimation of total cholesterol • — The dried chloroform extract was dissolved by 
warming with 1 c c of ether and saponified with 15 per cent sodium etboxide ni 
absolute alcohol by allowing to stand for 24 hours (Gardner and Fox, 1924) The 
solution was dried, 2 c c of 2N sulphuric acid added and extracted with dx)’ ether 
The cholesterol digitoiride was precipitated m ethereal solution In the case oi 
brain and lungs coloi imetric methods also gave good results with the original solu- 
tion 

Table IV 
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A slight difference was observed between the control and the experimental 
pigeons as regards the total cholesterol content and total chloroform extract of the 
liver The difference was not of such an order as to explain the increase in blood 
cholesterol As a result of prolonged inhalation of chloroform, the liver was found 
enlarged with the result that the weight of the liver was slightly increased This 
might be the reason for the small difference in the total cholesterol content between 
the control and the experimental pigeons 


Lungs 


Pigeon 

mimlier 

Weight of 
lungs 
(g ) 

Total 

choles 

terol 

(mg) 

Tree 

choles 

terol 

(mg) 

Total 

chloroform 

extract 

(g) 

Total 
choles 
terol 
percent 
age of 
lungs 

Free 
choles 
terol 
])ercent 
age of 
lungs 

Chloroform 
extract 
percentage 
of lungs 

Control — 




1 

i 




1 

4 

1 941 

13 25 

13 00 

j 0 075 

0 682 

0 669 

3 80 

8 

2 800 

17 27 

10 70 

^ 0 110 

0 615 

0 602 

413 

9 

1 

2 574 

1 

16 00 

14 00 

1 

1 0 085 

1 

1 

0 621 

0 543 

3 30 

Average 

0 639 

1 

0 004 

3 70 

Experimental — 








7 

2 402 

16 25 

14 58 

0 072 

0 676 

0 607 

3 00 

1 

2 750 

17 60 

16 40 

0 086 

0 640 

0 596 

314 

3 

3 411 

21 30 


0 112 

0 624 


3 28 

Average 

0 646 

1 

0 601 

3 14 


Tlic cholesterol is present mostly in the free state m the lungs The inhala- 
tion of chloroform has no effect oii the cholesterol content of the lungs 
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Kidney 


'Pigeon 

number 

Weight of 
kidney 
(g ) 

Total 

oholos 

terol 

(™g) 

1 

1 

Froo 

cboloa 

terol 

(l»g) 

1 

Total 

chloroform 

ovtraot 

(g) 

Total 
oholes 
terol 
percent- 
age of 
kidney 

Free 
oholes 
terol 
percent 
age of 
kidney 

Chloroform 
extract 
percentage 
of kidney 

ConlroJ — 

1 


! 





6 

1 607 

6 35 

5 98 

0 069 

0 395 

0 372 

3 67 

8 

1 735 1 

7 03 

6 60 


0 405 

0 380 


0 

1 988 j 

6 80 

6 60 

0 080 

1 0 342 1 

i 

0 326 

4 04 

Average 1 

0 380 

I 

0 369 

3 86 

1 

Exp-’rimtnfal — 








7 

1 632 

7 00 

o tiO 

0 068 

0 428 

0 343 

4 20 

6 

1 686 

6 60 

5 98 

0 059 

0 383 

0 353 

3 62 

8 

2 tlO 

1 

8 70 

j 

1 

0 085 

0 360 


3 62 

Average ! 

1 

0 390 

1 

1 0 348 

3 76 


Inhalation of chloroform had no effect either on the total or the free cholesterol 
content of the kidney 


Heart 


Pigeon 

nuinter 

Weight of 
heart 

(g) 

1 

Total 

oholes 

terol 

(mg) 

1 

Free 

oholes 

terol 

(mg) 

Total 

: chloroform 
extract 
(g) 

Total 
cholos 
terol 
percent- 
age of 
heart 

Free 
choles 
terol 
perceijt- 
age of 
heart 

Chloroform 
extract 
percentage 
of heart 

Qonirol — 



1 





6 

2 934 

5 30 

3 79 

0 228 

0 180 

0 129 

7 70 

8 

2 646 

4 36 

3 96 


0 172 

0149 

11 20 

9 

2 968 

6 30 

4 30 

0 334 

0 168 

0 144 

11 20 

Average i 

1 

0 170 

0140 

10 00 

Experimental — 





■M 



2 

1 2 871 

4 00 

3 36 

0 282 




6 

2 896 

5 20 

4 40 

0 118 

■iH 


4 00 

7 

2 945 

5 00 

4 37 

0 103 



3 50 

Average 

0162 

0138 

6 80 


J, MR 


11 
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decrease mafewlT"™* *“ '>'= ' 3 «ite normal A marked 

decrease m the chloroform extract of the heart was obseJved m the expermiental 


Adipose tissue 


Pigeon 

numter 

■ 

Weight of 
adipose 
tissne 

Total 

choles- 

terol 

(mg) 

Oonfrol — 

6 

3 618 

26 40 

8 

3 800 

62 30 

9 

3 760 

25 00 

4 

3132 

11 60 

Experimental — 

Nil 

Nil 


In the case of experimental pigeons there was no fat imder the subcutaneous 
of ^fet muscles or liver In only one case, an insignificant amount 

Relation between cholesterol and R B 0 — Many workers in the past have tried 
o es a ^ ^mationship between cholesterol and the number of red cells m blood 
son a ) round Mat in pernicious anmmia the cholesterol content of blood was 
e ow e normal Denis (1917) obtained a subnormal value for cholesterol m 
00 in anmmia but no definite relationship was found to exist between cholesterol 
an e nimber of red cells Muller (loc cit ) fed pigeons with different organs of 
e cow a er a period of fasting that rendered them anaemic and observed that the 
^ea es c o es erol increase m blood appeared after cow’s liver had been fed them, 
e w en e ^^th spleen and heart the cholesterol content was found to be lowest 
y ° he variation in number of red cells in the blood, he found that liver 

^ spleen and heart were the most eSective as regards regeneration 

^ f j concluded that there was a striking inverse relation between the 

^ 1 ^ r increase in blood chomsterol Castex et al (1931) 

o serve a o owing cisternal pimcture, the blood cholesterol was lowered in 13 
° ^ j ^ Oisternal puncture causes a diminution m the number of red 

^ cases a distinct parallelism was observed between the variation in number 

^ irocy es and the cholesterol content The variation of blood cholesterol 
an le num er o red cells in the blood of pigeons under the action of prolonged 
shi^^b t^en th studied by me with the hope of obtaimng some relation- 
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Table V 


Vanatton of bhod cholesterol and- R B 0 in blood of pigeons 


CONTBOL rlQEOn No 4 


CoKTEOn riGEOH No 

8 

Date 

Cholesterol 
per 100 0 0 
of blood 

(mg) 

R B C in 
millions 
per 0 mm 

Bate 

Cholesterol 
per 100 c 0 
of blood 
(mg) 

R B C in 
millions 
per c mm 

October 

16 

220 

4 04 

January 

16 

226 


4 28 

November 

6 

215 

4 04 

?» 

27 

228 


4 32 

» 

19 

216 

4 04 

February 

15 

200 


4 08 

December 

8 

210 

4 08 

March 

1 

200 


3 80 


18 

215 

4 00 


10 

190 


3 80 

Jauuary 

2 

210 

4 00 







EXPEEniEOTAI- PlOEOn No 2 

Bspeetmenta-l riGEON No 8 

Date 

Cholesterol 
per 100 0 0 
of blood 

(wg) 

R B 0 in 
miUions 
per 0 mm 

Date 

Cholesterol 
per 100 0 0 
of blood 

(mg) 

E B C in 
miUions 
per 0 mm 

October 

15 

240 

4 00 

September 

30 

192 



3 76 

November 

6 

260 

4 20 

October 

12 

220 



4 00 

»» 

19 

260 

4 20 


26 

260 ' 



4 28 

December 

8 

285 

4 20 

November 

10 

260 



3 02 


18 

288 

4 24 

ft 

27 

255 

■Fall ■ 


3 96 

January 

2 

280 

4 00 

December 

16 

235 



3 62 





January 

1 

205 



3 36 


In tlie case of control pigeon No 4, both the cholesterol and red blood cells in 
blood remained almost constant, whereas in that of pigeon No 8, there was a 
tendency towards diminution in the number of red blood cells with’ the lowenna 
of cholesterol in blood In experimental pigeons there was a slight increase in the 
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number of red cells during tbe course of increase in blood cbolesterol as in the case 
of pigeon No 2 But if tbe period of chloroform inhalation was extended further, 
a marked fall in the number of red cells was observed along with the lowering of 
blood cholesterol as instanced by pigeon No 3 


Discussion 


It is clear from Table IV that cholesterol present in the brain is all in the free 
state There was practically no difference between the control and the experimental 
pigeons as regards the percentage of total chloroform extract and the cholesterol 
content of the bram Hence, the rise of blood cholesterol was not due to the dis- 
solvmg out of brain lipoids as observed by Bibra and Harless (quoted by Bloor, 1914) 
who found that the ether soluble mateiial of the brain was diminished under ether 
anaesthesia A slight difference in the peicentage of total cholesterol m the liver 
was observed, but the variation was of a very small order The cholesterol content 
of the other tissues, m the experimental pigeons, was found to be qiute normal 
The cholesterol of the different tissues, which is mostly in the free state, seems to 
be very resistant and unaffected by the action of a drug like chloroform A marked 
difference was observed between the control and the experimental pigeons as regards 
the fat and the cholesterol of the adipose tissues, the reserve fat m the experimental 
pigeons being completely used up under the influence of chloroform It is probable, 
therefore, that the reason for the excess of cholesterol in blood due to chloroform 
inhalation may be ascribed to mobilization of reserve fat in the blood rather than to 
any destruction of tissues 


The way in which the reserve fat is put into circulation is very little under- 
stood, but the fact that increase in blood cholesterol is always associated with a 
decrease in body -weight suggests the possibility that besides simple mobihzation of 
fat, some other metabolic disturbance also takes place in the svstem Ross and 
Davis (1920) observed that hyperglycsemia in dogs was due to a direct suppression 
of the internal secretion of the pancreas by ether Bloor (1916) observed that in 
diabetes mellitus, the hyperglycsemia was accompanied by hypercholesterolemia 
It is probable that under the action of prolonged chloroform inhalation, the internal 
secretion of the pancreas is partially stopped and a condition is set up in the system 
similar to that observed in diabetes mellitus In the absence of this secretion, the 
rate of carbohydrate combustion is reduced, fat is mobilized from the reserve to meet 
the energy requirements of the body Acetonuria or acetone and ketonic bodies 
which are found in diabetic urine were also observed by Baldwin (1905) following 
chloroform inhalation The tissue protein is broken down to supply the anti- 
ketogenic fuel resulting in loss of body-weight Hence, increase m cholesterol m 
blood IS an indication of a great demand for fat metabolism, as suggested by Campbei 
(1925) in the case of starvation But when the reserve fat is used up under tlie 
action of chloroform, the cholesterol was found to come down to a normal value 
again, and an organ like the heart, which requires the greatest energy for i s 
working, acts upon its own tissue-fat as shown by the distinct lower value o 
chloroform extract of the heart m experimental pigeons (see Table IV) 

An increase m the lipoid constituent of the blood occurs in the case of diabetes 
melhtus and, m fact, Rabinowitch (1927) reported from observation on the cho cs 
terol value of large numbers of patients that determination of blood lipoid airor 
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a better measure of severity of disease tban determination of blood sugar Accord- 
ing to Peters and van Slyke (1931) deternunation of chblesterol will give an index 
of severity of the diabetic condition only in untreated cases But even in untreated 
conditions, unless the variation of blood cholesterol is followed from time to tune, 
the determination of blood cholesterol at a single pomt may not give a true indica- 
tion of conditions Wilson (1907) observed that m serious cases, when all the 
body-fat is used up, the blood did not shov/ conditions of lipiemia Hence,oif the 
increase in blood cholesteiol is due to mobilization m the blood, of reserve fat in 
serious cases when all the body-fat is used up, the blood cholesterol after the period 
of increase will again come down to normal values Since it has been observed 
(Table V) that under the action of chloroform on pigeons the number of red cells 
remains practically constant during the period of increase in blood cholesterol, but 
shows a marked decrease with lowering of cholesterol, determination of the numbei 
of red cells (R B C ) along with cholesterol may give an index of the severity 
and the progress of the disease m diabetes mellitus Further work on these 
lines wuth diabetic blood is in progress 


SUMMAKT 

1 Repeated inhalation of chloroform in pigeons produced an increase in 
blood cholesterol durmg the first two months and then went down to low values 
again 

2 Increase in blood cholesterol in pigeons under chloroform was associated 
with a decrease in body-weight 

3 Inhalation of chloroform had practically no effect on the cholesterol content 
of brain, lungs, heart and kidney , the liver was found to be slightly affected A 
marked difference was, however, observed between the control and the experimental 
pigeons as regards adipose tissue-fat 

4: No definite relationship was found to exist between the cholesterol and the 
number of red cells m blood During the period of increase in blood cholesterol 
under chloroform, the number of red cells remained almost constant but there 
was considerable decrease in the number of red cells along with lowering of 
blood cholesterol 
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After Calmette had prepared a polyvalent antivenene at the Pasteur Institute , 
Lille, the preparation of a simdar antiserum was commenced at the Pasteur Institute 
of India, Kasauh, in 1901 (Samtary Commissioner with the Government of India, 
1901) By 1902 ‘ 1,020 bottles, each containing 15 c c , were distributed all over 
India ’ (Samtary Commissioner with the Government of India, 1902) It was soon 
realized that excepting the venom of the cobra (Nam), which produces an antivenene 
active against the venoms of the various species of the genus, the different snake 
venoms produced antivenenes which were strictly specific , hence the necessity m 
India of preparmg an antivenene against the Russell’s viper and the cobra, two 
of the commonest causes of death from snake-bite 

In 1905 the Central Research Institute, Kasauh, took ovei the pieparation of 
the antiveuene from the Pasteur Institute (Sanitary Commissioner with the Govern- 
ment of India, 1906) and started issuing to the public a combined antivenene against 
the cobra {Nam) and the viper {Yipera lusselli) During the following 29 years the 
details of preparation and standardization of the serum underwent very httle change, 
and it was not untd this year that a concentrated antivenene was prepared and 
issued to the public 

Considerable experimental work m this connection had been previously done 
by Acton and Knowles (1916), Cams, Iyengar and Anderson (1924:) and Malhck and 
Maitra (1932) Maitra, Naidu and AJiuja (1933) by using a sodium sulphate method 
actually produced a conceutrated antivenene suitable for issue 

In the present communication an application to antivenene of the standaid 
method of concentration of antisera by ammonium sulphate is described A 
comparison is also made with the sodium sulphate method previously described 
in this J ournal (Maitra, Naidu and Ahuja loc cit ) 

The technique 

To the plasma of immimized horses (obtained by adding to the blood 
1 per cent of a 10 per cent solution of sodium oxalate and preserved by the 

( 365 ) 
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addition of 0 7 per cent of a mixture of equal volumes of trilcresol and ether) are 
added (a) 3 per cent of a 4 per cent solution of calcium chloride, (6) two volumes 
of tap-water and (c) of the total volume so obtained about 18 per cent of 
ammonium sulphate The specific giavity is adjusted to 1098 (should not be above 
1098, may be 1097) by adding more of the salt or tap-v ater After half an hour the 
specific gravity is found to be about one degiee higher It is finally adjusted to 1099 
(should not be above 1099, may be 1098) and the mixture filtered tlirough cham 
cloth folded bice a conceitina along the boidei to fit a funnel The filtrate is returned 
to the filtering cloth until it comes through clear The precipitate on the cloth 
represents the fibrin and the euglobulin In the clear filtrate pass the pseudoglobuhn 
and the albumen The precipitate is rejected 

To the filtrate after measurement is added about 10 per cent more of the 
ammomum sulphate and the specific gravity adjusted to 1133 (should not be below 
1133, may be 1134) The mixture is stirred, allowed to stand for half an hour, 
stirred again and filtered through another piece of chain cloth The precipitate 
collected on the cloth represents the pseudoglobuhn In the filtrate passes out the 
albumen The filtrate is rejected 

The precipitate is scraped towards the middle of the cloth with an ivory spatula 
The cloth is folded in such a way over the precipitate as to leave no folds and dead 
spaces It IS then subjected to pressure in a hand press The pressure is applied 
at first gradually then increased quickly until dripping ceases The hard-pressed 
precipitate is removed from the cloth as a cake 

In the first filtration (for the removal of the fibrin and the euglobulin) as much 
of the filtrate is collected as possible It is an advantage to use a lound piece of 
chain cloth to reduce the absorption by the cloth to a minimum Further, small 
quantities of an 18 pei cent solution of ammonium sulphate (specific gravity 1099) 
are poured on the filtermg surface near the border until the drippmgs are free from 
colour This additional quantity of filtrate is added to that first collected 

After the second filtration (for the collection of the pseudoglobuhn) the preci- 
pitate is pressed as hard as possible For this purpose a square piece of cham cloth 
IS of advantage 


The cake is weighed, broken up and put in bags of cellophane (No 300), m 
quantities of about 100 grammes for each The bags are suspended from a rod 
and allowed to dip in running cold water 

In 12 hours the contents of the bags are found to be hquid, clear and increased 
in bulk The bags are now gently squashed and allowed to sink further, to increase 
the surface for dialysis In 24 hours the contents begin to turn turbid The 
turbidity increases steadily and is at a maximum m 96 hours By this time the 
ammomum sulphate has dialysed out 

To test the completion of the dialysis the flow of water is stopped for 16 mmutes 
and the film of water on the bags is collected by lifting them into a Petri dish The 
film-water is matched against the tap-water after adding to both, in two test- 
tubes, a few drops of a solution of barium chloride A perfect matching of the 
turbidity shows that, for all practical purposes, the ammonium sulphate has 
been removed 


The dialysate is collected into a bottle to which are also added washings from 
the bags (usmg distilled water) to bring the total quantity up to a convement figure 




Pl\te XJX 



Fig 2 Bottling 
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The origmal volume of plasma diMded by the volume of the total dial) sate gives 
the degree of conccntiation 

To the dialysate is now added 1 per cent of sodium chloride which at once 
turns the turbid and viscid fluid into a clear, less viscid and translucent product of 
slightly greenish hue The pH is geneially found to be between 6 9 and 7 1 and is 
adjusted to 7 5 or 7 6 with sodium carbonate A preservative, 0 7 per cent of a 
mixture of equal parts of ether and trikresol, is next added and the bottle left undis- 
turbed for two weeks A whitish sediment, consisting mostly of euglobulin (cained 
over w ith the pseudoglobulm in the process) and fibres from the chain cloth, collects 
and clears the product further 

A sample is now tested for potency and toxicity If the titre of protection is 
satisfactory and the product is not toxic it is passed through a Seitz filter and bottled 
Plate XIX, figs 1 and 2, show' the process of filtration and bottling The titration 
of the antivenene and the process of filtiation and bottling are described below — 

The nnoontentrated serum previously issued from Kasauli is prepared by immunizing horses 
with venom of cobra and RusseU’s viper It satisfies the following standard of potency — 

(t) One c c mixed with 1 milligram of dried v iper i enom, dissolved mice saline, saves a pigeon 
between 290 and 310 grammes in weight The mixlure is injected intravenously immediately after 
It IS made The results are available in B to 15 minutes The M L D of the viper venom, when 
injected intravenously, lies between 0 01 and 0 04 milligram The serum, thus, protects against 25 to 
100 L D This test was introduced as a result of Anderson’s work (Anderson, 1932) 

(it) One c c mixed with 0 5 milligram of dried cobra venom (dissolved mice salijie) over ond 
above one M L D , and incubated for half an hour at 37°C , protects a pigeon between 2P0 and 310 
grammes in weight The mixture is injected intramuscularly and the lesultsare road in 24 liours 
The M L D 13 determined at the same time thus — 



Venom iii milligrams 
(for M L D ) 

.Serum 1 o c and 
venom in 
milligrams 
(for titro) 


02 


04 


08 

0 9 

1 0 

Pigeon number 

1 

2 

3 

1 

1 

1 

1 

4 

5 

<3 

7 


Death of pigeon No 3 gives an M L D of 0 4 milligram of venom and survival of pigeon No G 
shows that 0 6 milligram of venom over the M L D has been neutralized by the serum Similarly, 
death of pigeon No 4 gives an M L D of 0 5 milligram and the survival of'pigeon No 7 shows that 
0 5 milligram over the M L D has been neutralized by the serum 

The serum thus protects against 2 to 3 M L D only This test has been m use in Kasauli for 
many vears 

The concentrated serum is so diluted as to satisfy the same standard m one fourth of the volume 
It IS issued in doses of 10 o c which replace the former doses of 40 c c of the nnconcentrated scrum 

The toxicity (if any, due to baotenal aetivitv in the later part of the dialysis or anv other causpJ la 
tested by giving a rabbit 3 c c of the serum intravenously 

The filtration system is closed The loss duo to merely mechanical causes is mimmizcd by washine 
all the empty contamers with 18 per cent solution of ammonium sulphate and stonne the washines’ 
The filtering discs are also broken up and the protein from them extracted bv wnshinE the nnlo' The 
washings are ultimately treated like the diluted plasma to which IS per cent ammonmm sdphate baa 
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The bottling svstom is also closed except at the point of delivery A two way S 3 nnge draws up 
10 p c of the produet, at a time, froni the flask and delivers it into the ampoule The needle is protected 
from dust by a glass case 11111011 is sterilized by dipping in cresol and mped with a stenie towel The 
adapter and the needle are fitted on the sjTingo with the aid of a sterile towel and secured in position 
by a piece of string The ordinary method of filling ampoules in a negatii e pressure is not applicable 
as wetting of the neck of the ampoule results in charring on scalmg 

An y excess of the fluid on the needle is wiped off iiith a sterile swab dipped in triLresol 

Samples for testing sterility ore taken from the filling system at the commencement of the process, 
in the middle and at the end 

The loss lu piotection units in concentration, calculated by estimating the 
protecting units in the unconcentyated plasma (taking the total quantity of the 
plasma for serum for the purpose) and in the finished product, was not found to 
exceed 20 per cent even in the early experimental stages of the work when small 
quantities were bemg concentrated In latei work at times it appeared as if there 
was no loss at all This, of course, depends on the gaps in the quantities of the 
venom and the antivenene and the number of birds used Even a loss of 20 per cent 
cannot be called excessive 

The protein-content of the finished product is below 16 pei cent and its viscocity 
about SIX times that of normal saline 


An example 


Batch No Cone A V 6/34 Concentration commenced on 10th May, 1934 
Plasma 14,000 cc ( Added ammonium sulphate 8 kilos 

Water 28,000 cc • -! Specific gravity 1098 

CaClg 4 per cent sol 420/ (.Alter half an hour specific gravity 1099 

Total filtrate measured = 43,420 (including 1,000 c c washmg from filters) 

Added ammonium sulphate 4 kilos Specific gravity 1033 

Cake 1,166 grammes Dialysed in 8 bags 

Dialysate 2,500 Made up to 2,800 pH 6 8 adjusted to 7 5 


Concentration 


14,000 

2,800 


= 5 times 


Test of potency — 

A Against viper venom 

0 8 c c of the unconcentrated serum, from a sample kept, saves a pigeon 
against 1 milligram 

0 2 c c of concentrated serum also saves 

The protection is at least 4 times 

B Against cobra venom 

1 0 c c of the unconcentrated serum saves a pigeon against 0 5 milbgrain 
of cobra venom over and above the M L D 

0 2 c c of the concentrated serum also saves Tlie protection is 5 tunes 
There does not appear to be any loss of the protecting substance in 
the process of concentration 
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Test of toMCity — Three o o of the serum given intravenously to a labbit 
No ill effects observed 
Total protein-content 1-1 91 per cent 
Viscosity 5 6 times that of normal saline 
Ammomum sulphate present 0 6 per cent 


Obsebvations on the technique 

The anhseptic — 0 7 per cent of a mixture of equal parts of trikresol and ether 
added to the plasma appears effectually to prevent putrefaction, m spite of dilution 
m the later stages of the dialysis when the protecting influence of the salt is removed 
A distinct odour of the antiseptic is present in the cake The writer has only once 
attempted, m hot weather, concentration of plasma to which no antiseptic had 
been added The odour of the dialysate was suggestive of putrefaction 

The purity of ammomum sulphate — So far salt of three different grades of 
purity from three different manufacturers has been used There does not appear 
to be any difference in the product associated with the grade of purity The salt 
should, of course, be free (reasonably) from arsenic and iron 

Stored plasma — After several weeks’ storage the fibrinogen of the plasma 
loses the power of clottmg quickly and firmly on the addition of calcium chloride 
In dealing with such plasma a heavy white deposit is encountered in the dialysate 
during the two weeks’ storage Often a change of colour develops m the stored 
plasma At tunes the stored plasma thickens umformly like a soft jelly 
No appreciable loss of potency has been found associated with any of these 
changes 

The coloui of the pioduct — ^As has been mentioned, the colour of the product is 
slightly green On two occasions batches of the product turned brown in the course 
of a mght No loss of potency or development of toxicity was associated with the 
change m colour 

Protein-content, viscosity and potency — No correlations were found between 
these three properties of the serum The increase in potency of the unconcentrated 
serum may be associated with a quantitative or a quabtative change m the pseudo- 
globulm of the blood Viscosity depends more on the amount of euglobulin retained 
in the product than the total protein-content In one batch of the product the 
viscosity was 12 times that of normal sahne (instead of the usual figure 6) while the 
protein-content was only 16 6 per cent (instead of below 16 per cent) The viscositv 
decreases as the euglobulin falls out of solution. 

Obtaining serum from the plasma — If it be desired to w^ork with serum instead 
of with plasma, the latter is diluted with two volumes of tap-w ater and the usual 
amount of calcium chloride calculated for the undduted plasma added In six 
hours at room temperature a defimte but soft clot forms The clot is squeezed 
tlirough musbn The quantity of fibrin collected on the muslin is negligible and for 
all practical purposes the plasma is converted into serum (diluted w ith two volumes 
of water) The quantity of the antiseptic present is siifBcient to prevent putrefac- 
tion When the plasma has been stored for seveial weeks the time of clottin<^ is 
prolonged and may extend to fom or five days ° 
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A COlsrPAIlISON WITH THE SODIUM SULPHATE METHOD 

A metliod of concentrating antivenene witli sodium sulphate has beeupubbshed 
in this Journal (Maitra, Naidu and Ahuja, loc cit) The writer finds that the 
present method has the followmg advantages — 

1 The temperature^ — The sodium sulphate method needs a constant tempera- 
ture, the legulation of which, besides being expensive, is inconvenient for work on 
a large scale 

2 The east — Sodium sulphate is more expensive Besides, other reagents, 
necessary in the process, increase the cost of production still further 

3 The conoenit ahon — The concentration obtained with the sodium sulphate 
method was found to be on the ivhole lowei than that obtained with the ammonium 
sulphate method The addition of 3 per cent of sodium carbonate to the cake, in the 
former method, increases the bulk of the dialysate Besides, it is not conveniently 
possible to calculate exactly the amount of the sodium carbonate necessary, the 
weight of the cake depending upon the pressure employed 

4 The coloui of the product — The final product obtained by the ammonium 
sulphate method is distmctly better in appearance The yellow of the sodium 
sulphate method is replaced by a very famt greemsh tinge 

5 Golouied serum or plasma — Even highly coloured serum and plasma can be 
efiectually dealt with and the colour practically removed by repeating the process 
m the second filtration in the ammonium sulphate method The product from 
such plasma can be used in the process of immunization of horses 

6 Apphcability to plasma — The ammonium sulphate method is apphcable to 
plasma The yield of plasma from the blood is about 20 per cent higher than that 
of serum It is possible to apply the sodium sulphate methodi frackonally to plasma 
but the difficulty and inconvenience of regulating the temperature is trebly 
increased 

The only disadvantage of the ammonium sulphate method hes in the prolonged 
dialysis Between the months of September and June, at Kasauli, howe\er, no 
evidence of a bacterial decomposition in the product was found The dialysis could 
be hastened and completed in 24 hours by employing hot running water (50°C ) 
for 8 hours, after the cake has liquefied in the cold water There is reason to believe, 
however, that such heat decreases the potency of the serum 

The low potency (and large bulk) of the product reported upon previously in 
connection with the ammonium sulphate method seems to be entirely due to not 
employing enough pressure on the cake An excess of 28 per cent ammonium 
sulphate left in the cake draws in more than its own volume of tap-water in 4 days 
by dialysis 

SUMMABY 

1 A brief history of the production of antivenene in India is given The 
unconcentiated serum was first made m 1901 and the concentrated serum 
in 1934 

2 The technique of concentration is described With a fractional precipita- 
tion of the blood proteins with ammonium sulphate the pseudoglobuhn is separated 
and dialysed The dialysate is the concentrated antivenene 
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3 Observations .are made on difteicnt points in tbe technique 0 7 per cent 
of a mi\ture of equal parts of trdcresol and ether preserves the plasma tliroughout 
the process Any reasonably pure ammonium sulphate serves the purpose Stored 
p'asma can be used A change in the colour of the dialysate is immaterial 
Total protein-content, viscosity and potency of the concentrated serum are 
not interrelated Serum can be obtained from the plasma without any 
appreciable loss 

4 A comparison is made with the sodium sulphate method The ammonium 
sulphate method is cheaper, easier and more efficient 
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The first four parts of this scries dealt with the nutritive value of the proteins 
of ten of the most common Indian pulses Similar studies have now been extended 
to some of the Indian millets This part deals with Eleusine coracana, a widely 
grown millet occupying nearly seven million acres and by far the most important 
food-crop of Mysore State It not only Ins the advantage that it may be left 
standing on the fields till a convenient time for harvesting, but also that the grain 
improves by storing and may be preserved for many years without attack bv 
insects or moulds The millet is known by the following vernacular mmp/ 
Ragi, Ra]ika, Nachm, Nagli, etc 


Narayana and Norris (1928) report the presence of an alcohol-soluble protein m 
tins seed which they have named Eleusinin A more complete analvms of tb,^ 
protein is given in this paper This protein, however, represLts only a small nort 
of the total, most of which has been found to be inextractable by any^f the known 
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protein solvents The biological value and digestibility of the total proteins of 
this millet have also been determined by means of feeding experiments 

Experimental 

Material — A variety called H 22 ragi vas obtained from the Hebbal Agricul- 
tiiial Earm, Bangalore It "was ground to flour to pass a dO-mesh sieve and on 
analysis gave the following percentages — 


Table I 



Ether o-^trac 

tlVOS j 

Protein * 

: 

Crude fibre 

Carbohydrates 
(by difference) 

2 65 

1 72 

8 37 

34 

83 84 


* True protcm=8 27 


Extraction expo iments — Preliminary trials showed that 4 per cent NaCl 
solution and 70 per cent alcohol were the concentrations best suited to extract 
the globulins and prolamins respectively More nitrogen was extiacted by alcohol 
in the hot than in the cold Distilled water at room temperature (27°C ) removed 
only 7 7 per cent of the total nitrogen 

A known quantity of the flour was, therefore, thoroughly extracted several 
times, first with 4 per cent NaCl and then with boiling 70 per cent alcohol until no 
more nitrogen was being removed The residue was treated with 0 2 per cent 
NaOH to see if any gluten was present The quantities of nitrogen extracted by 
each of the solvents are given below — 


Table II 


Material 

Solvent 

Percentage of 
total nitrogen 
extracted 

(1) Fresh 

Water at room temperature 

77 

(2) Fresh 

4 per cent NaCl „ 

19 6 

(3) Residue of (2) 

70 per cent alcohol (boiling) 

20 5 

(4) Residue of (3) 

0 2 per cent NaOH at room 
temperature 

77 


Contmumg the treatment with alkali for a longer time (3 days) did not ma ^ 

increase the quantity of nitrogen extracted Thus, nearly two-fifths of the , 

in this millet is of a refractory nature not being extracted by any of the usua so i 
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Probably ifc is of the nature of the proteins of Alfalfa leaves which were found 
(Osborue and Leavenworth, 1921) to be soluble only after partial hydrolysis 

Preparations of the pioteins — The yields of albumin and globulin from 
the salme extracts vere very poor and hence this investigation has been 
postponed 

The method of preparing the prolamin was nearly the same as described by 
Narayana and Norris {loo cit ) with slight modifications The flour was extracted 
with alcohol at 70°C and the clear extract, after concentrating under reduced 
pressure ivas poured into a large volume of 1 per cent NaCl The prolamin was 
separated as a brown foamy mass floating on the top This was washed with 
distilled water, dissolved in 80 per cent warm alcohol and the solution poured 
into distilled water with which it formed a white milky emulsion On gradually 
adding strong NaCI solution to this, flocculation occurred and the prolamin was 
precipitated m wlute flakes Tins was centrifuged off, washed thoroughly with 
water, pressed as dry as possible between filter-papers and extracted in the 
wet with ether in a Soxhlet apparatus This served to remove the associated 
colouring matter and fat, and also to dehydrate the protein Finally, the 
protein was dried, powdered and passed through a 100-mesh sieve The yield 
was 6 g to 7 g per kilo of flour 

Analysis — Thus prepared, the prolamm is a bght grey powder giving positive 
tests for tyrosine, tryptophane, sulphur and phosphorus The elementary analysis 
IS given below — 


Table III 


In per cent of air-dry material 



1 

n 

Moisture 

2 67 

2 76 

Ash 

0 69 

0 65 

Ash and moisture free — | 

1 



Carbon 

1 

52 82 

63 14 

Hydrogen 

7 25 

7 84 

Nitrogen 

16 86 

16 40 

Sulphur 

0 79 

0 82 

Phosphorus 

0 16 

0 14 

Oxygen 

23 U 

' 22 66 

1 


J, MR 


12 
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Tlie nitrogen distribution was carried out by the method already described m 
Part I (Niyogi ei al , 1931) Cystine, tyrosine and tryptophane were determined 
according to the method of Folin and Marenzi (1929) and the dicarboxylic acids hv 
the methods of Buston and Schrj^er (1921) Arginine was estimated both m the 
basic fraction and directly m the hydrolysate (Plimmer and Eosedale, 1926) 

^ The amide mtrogen results of the van Slyke method may be too high due to 
de-aminization during continued hydrolysis for long periods (30 hours) The true 
amide nitrogen was, therefore, determined by boiling 1 g of protein for 4 hours 
with 20 per cent HCl (Gortner and Holm, 1917) The free ammo nitrogen was 
estimated on a one per cent solution of the protein in dilute alkali usmg the micro 
van Slyke apparatus and allowing the reaction to proceed for 30 mmutes The free 
carboxyl groups were determined by titrating a solution of the protein m warm 70 
per cent alcohol with N/14 alkali The results are given in Tables IV-A, IV-B, 
V and VI and compared with other known prolamins — 

Table IV-A ’ 

>’ Nitrogen distribution of Bleusmin {per cent of total mtrogen) 


Form of mtiogen 

I 

II 

Melanin (insoluble) 

1 14 

1 02 

„ (soluble) 

0 39 

0 40 

Amide . 

22 03 

21 99 

Di ammo fraction — 



Arginine 

2 94 

2 96 

Histidine 

2 28 

1 

2 32 

Cystine 

0 46 

0 41 

1 

Lysme 

0 66 

1 

0 62 

Mono ammo fraction — 



• 

Ammo . , 

68 96 

68 87 

Non-ammo . 

218 

2 29 
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Table IV-B 


Nitrogen distribution of Eleusmin as compared with other prolamins 
(pir cent of total nitrogen) 


1 

Form of mtrogon 

Eleusmin 
of ragi 

Prolamm of 
fenugreek * 

Gliadin of 
wheat f 

Jlolamn (lUBolublo) 

108 

0 9 

0 52 

„ (soluble) 

0 40 

0 4 

0 36 

Amido 

22 0 

20 2 

24 61 

Di ammo fraction — 

! 



Arginine 

2 96 

3 1 

6 38 

Histidine 

2 30 

0 7 

6 41 

Cistme 

0 44 

1 4 

1 68 

Lj sine 

0 69 

07 

0 67 

Mono ammo fraction — 




Ammo 

68 92 

70 2 

63 49 

Non ammo 

2 24 

1 

23 

6 14 


* Snmvasarao, Saatry and Narayana (1933) 
t Hoffman and Gortner (1926) 


Table V 


Percentages of essential amino acids in Eleusmin and other prolaniins 
{expressed in per cent of total protein) 


Ammo acid 

Elcusimn 1 
of ragi 

Prolamm of 
fenugreek 

Glia dm 
of uheat 

Method 

Lysme 

0 5 

06 


Van Slyke 

Histidme 

1 4 

04 : 



Arginine 

1 45 

20 


» 

Argimne 

2 60 

2 30 


Direct estimation 

(Phmmer and Rose 

Cystine 

2 60 

30 

219 

dale) 

Fobn and Marenzi 

Tyrosme 

6 3 

43 

3 29 

»» « 

Tryptophane 

16 

24 

0 83 


Bioarboxyho acid calculated 
as glutamic acid 

33 61 



Boston and Schryver 
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Table VI 


Amide nitrogen, Jiee ammo mtiogen and fiee carboxyl gwups 


True amido nifcrogon (in | 
per cent of total nitrogen) 

Elcusinin 
of ragi 

Gliadin of 
u heat * 

Hordern 
of bailey * 

^ Sativin 
of oats* 

Zein of 
maize * 

Amide nitrogen (4 hours hydro 
lysis) 

22 82 

24 24 

21 22 

21 90 

17 25 

„ „ (van Slyko) 

22 OG 

24 G1 

23 38 

22 20 

18 OC 

Difference 

0 24 

i 

0 37 

216 

0 30 

0 81 

Frez aimno nitrogen, in per 
cent of total mtrogen — 



1 

i 

! 


Free ammo nitrogen 

1 94 

1 86 

1 60 

1 65 

1 19 

Half lysine nitrogen 

0 29 

0 29 

1 51 

! 

0 60 

0 46 

Free carboxyl groups — 






N/14 alkali to neutralize free 
carho\yl groups in 1 g of 
protein 

3 66 

2 64 

2 52 

4 48 

2 40 

Gramme equivalents of NaOH 
required to neutralize I g 
of protein x 10 ~ 

26 13 

1 

* 18 86 

[ 

18 00 

32 00 

( 

17 40 


* Hoffman and Gortner {loc cii ) 


Metabolic experiments — The methods employed were the same as those des- 
cribed invthe previous parts of this senes with the exception that low egg-protein 
diet was i^tifitituted for non-protein diets m standardizing the rats This proven s 
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the loss of appetite noticed during the non-protein diet period and does not m any 
way affect the deteimmation of endogenous and metabolic mtrogens (Mitchell 
and Carman, 1926) As all the millets taken up for investigation contamed only 
6 to 9 per cent of protein, the level of protein intake was kept at 5 per cent in the 
rations instead of 10 per cent as in the previous experiments with pulses This Ion 
level tends to give high biological values, but the results would, however, serve for 
comparison among the millets themselves Table VII gives the composition of the 
rations and the metabolic data are given in Table VIII — 


Table VII 


Percentage composition of the rations 



Low egg protein diet 

Bagi flour diet 

Cane_sugar 

10 

10 

Butter fab 

9 

11 

Cod liver oil 

2 

2 

Agar agar 

26 

0 

Salt mixture* 

30 

4 

Flour 

1 

1 

Enough to contain 6 
per cent protein 

Bned egg powder 

50 


Starch 

To make up to 100} 

( 

1 


* Ostome and Mendel (1*120) 


The crude fibie contents of both the rations were kept the same by adding 
agar-agar to the low egg-protein diet The egg-powder was prepared by dryin" 
whole contents of fresh eggs at about TO^C In addition to the rations each rat 
received daily 4 drops of cod-livei oil and 50 mg of dried yeast, the nitrogen of 
which was not taken into account in calculating the metabolic data 


Metabolic data 
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Conclusions 

The presence of phosphoius and the low hasic nitiogen content are the essential 
characteristics of Eleusimn of ragi In both these respects it resembles the prolamin 
of fenugreek which is the only other piolamin so far reported as containing phos- 
phorus In its content of cystme, tyrosine and tryptophane it is superior to tlie 
gliadin of wheat The amide nitrogen figiue shows that there is not much de- 
aminization during long and continued hydrolysis Unlike the globulins of the 
pulse {vide previous parts) there seems to be no relation existing between the free 
ammo nitrogen and the lysine nitrogen of the prolamms 

At a 5 per cent level of protein intake, the digestibility and biological value of 
the total proteins of ragi are 77 5 per cent and 90 5 per cent respectively At the 
same level of protein intake the biological values of the total protems of milk are 
93 4 per cent, of rice 86 per cent, and of oats 78 6 per cent (Mitchell, 1924) 
Thus ragi proteins seem to be superior to those of rice and oats in their biological 
values This is quite m accordance with the fact that the local population consider 
ragi to be superior to rice in nouiishmg qualities though less palatable 

Experiments were also conducted to prepare ragi malt The diastatic activity 
of ragi malt was found to be equal to that of barley malt Since ragi contains a high 
percentage of starch and is very cheap, it can very well be employed as a basis for 
the manufacture of farinaceous and invalid foods Further investigations are yet 
to be conducted in this field 


Summary 

Four per centNaCl and 70 per cent hot alcohol each removes about 20 per cent 
of the total nitrogen of ragi {Eleusine coracana) The remaining nitrogen is not 
extracted even by dilute alkalis 

The alcohol soluble protem Eleusimn of ragi has been isolated and analysed 

The biological value and digestibihty of the total proteins of this millet have 
been found to be 90 6 and 77 6 per cent lespectively 


The authors wish to record their indebtedness to Dr Jivra] N Mehta, Dean, 
and Dr V R Khanolkar, acting Dean, Seth Gordhandas Sunderdas Medical College, 
Bombay, for their continued interest and encouragement during the progress of 
the above work 
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THE RELATIONSHIP OF SKIN AND NERVE LEPROSY 


BY 
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Fund Association ) 
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The classification of leprosy lias varied from tune to time , but, wbatever 
nomenclature has been used, it has always emphasized the existence of two types, 
one m which nodulation or tluckemng of the skin is the most striking feature, and 
the other in which involvement of the nerves is most promment It has also been 
recogmzed that, while typical cases show either one or other of these features, the 
one form may merge into the other, the term mixed bemg used to indicate these 
cases 

The Leonard Wood International Leprosy Conference of 1931 applied the terms 
cutaneous (C) and neural (N) to the two mam types, and sub-cIassified each type 
mto three grades according to the degree of involvement of the skm or nerves res- 
pectively If both skin and nerves are affected a mixed nomenclature is used 
Thus, if cutaneous (nodular) signs are advanced and neural signs shght, the case is 
classified as C-3, N-1 

■While this nomenclature may be more accurate than those formerly used, 
its interpretation and apphcation are found difficult in certain cases Nor 
IS there much hkelihood of improving matters until there is a clearer 
conception of the factors which determme the relative degree of skm and 
nerve involvement An attempt is here made to throw some hght on this 
subject 

This study can best be made by examimng and comparing early lesions of the 
cutaneous and neural types, material bemg obtained by biopsy Small elhptical 
pieces of skm and subcutaneous tissue with nerve branches attached are excised 
fiom typical macular lesions Small macules, not more than 5 mm m diameter 
found m the skm at a short distance from larger similai macules are the most 
suitable Their similarity to the larger macules makes their nature recogmzable 
and as they are small the whole lesion can be excised The mam clmicai 
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The Relatiomhip of Skin and Nerve Leposy 


distinctions between the neural and cutaneous macule are set down m tabular 
form as follows . — 


Neural macule 

Cutaneous macule 

Ansesthesia on bgbt touch 

Sensation on hght touch 

Raised and indurated 

Plat and soft 

Erythema marked. 

1 Erythema shght or absent 

Keratosis, anidrosis and depilation marked 

Keratosis, anidrosis and depilation shght or 
absent 

Hypopigmentation recogmzahlo, especially if capil- 
lanes are emptied by pressure with a u atch-glass 

Hvpopigmentation generally more easily 
recognized 


In cutting sections the material should be arranged so that the nerve hes 
parallel to the line of section Alternate sections are stamed with a combined 
bacillary and nuclear stam (as Ziehl and hmmatoxylin), and a combmed bacillary 
and nerve fibre stam 

The foUowmg table gives the mam microscopic distinctions between the two 
types of macule 


Neural macule 

Cutaneous macule 

In the corium dense cellular cords in longitudinal and 
transrerse section with clear cut margins These 
surround the hair foUicles and sweat glands and 
ducts In the deepest part of the conum they are 
continuous ■« ith the subcutaneous nerves, which have 
a simdar dense cellular structure and are markedly 
tluckened Horizontal branches pass from the 
main cords, especially at the level of the sub papillary 
plexus, and these agam send branches into the 
papiUse In some cases the whole superficial part 
oi the conum, mcludmg the eub-papillaiy plexus, 
becomes one dense ceUiilar mass j 

There is cellular infiltration round the blood 
vessels, chiefly in the papillaiy and siih 
papillary layers , it may also surround 
the hair follicles to a certain extent 

The cells apparently denved from the endothehal hmng 
of the capillanes, are chiefly of the so called epithehoid ^ 
type , plasma and mast cells are also present 

Cells are similar m typo 

In the most typical neural macules giant cells of varying 
size and number are present in the cellular cords 
and in the superficial part of the corium 

Giant cells are absent 

1 

Acid fast bacilli may not be found in the skin though 
careful examination of a number of specially stained 
sections will generaUj show a few bacilli 

Acid-fast bacilli are seen in varying numbers, 
chiefly in and around those vessels wiucii 
show cellular proliferatmn , the hacuii arc 
found either mside epithehoid cells or in 
the mtercelliJar spaces 
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Neural macule 


Cutaneous macule 


The subcutaneous nerves show marked tluokening 
Tins is duo to cellular proliferation beginning in the 
core of the nerve or nerve bundle and spreading 
outiiards The nerve fibres are destrojed or dis 
placed outwards by the cellular proliferation, and 
are found only in the superficial part of the bundle 
The appearance in longitudinal or shghtly obhque 
section of a nerve bundle stamod with Bielchowsky’s 
stain IS that of a stalk of asparagus surrounded by a 
layer of black horse hair 


The subcutaneous nerves show practically 
no thickening There is little or no sign 
of cellular proliferation 


Aoid fast bacilli may be difiSoult to find or they may 
bo found l3mig in masses between the nerve fibres in 
the superficial part of the nerve bundle They are 
generaUy found m larger numbers here than in the 
granular cords of the oonum In the granular core 
bacilh are generally not found 


Bacilh are more numerous m the subcuta 
neous nerves than in the conum Thev 
he m large clumps between nerve fibres, 
especially m the centre of the nerve 
bundle Many of the bacdli are appa 
rently extracellular 


Giant cells of all sizes and often in large numbers are 
found in the granular core of the nerve bundles 
Giant cell formation may pass on into caseation 
and the forming of a cold abscess, one or more of 
which may appear in the course of a subcutaneous 
nerve attached to a neural macule Pus evacuated 
from such an abscess may contain acid fast baodh 
smgly or in masses, but this ocours only in the more 
advanced cases 


Giant cells, caseation and abscess formation 
not found Abscess formation is found 
in leprous nodules in cases of the cuta- 
neous tTOe, especially when ‘ lepra 
reaction ‘ occurs But these abscesses 
do not occur m the early lesions here 
described, and they are acute in nature, 
not of the chrome cold abscess type 
which follows caseation 


It IS seen from the above comparison * — 

(a) that there is greater cellular response, in spite of fewer bacilh being present, 
m the neural than m the cutaneous type of macule , 

(&) that, especially in the cutaneous type, there is, in proportion to the 
concentration of bacilh m the conum and nerves, far greater cellular 
response m the former than in the latter , 

(c) that the bacillary concentration is greater in the nerves than m the conum 
this bemg most noticeable m the neural type 


These three observations combined give a satisfactory basis for explaimng the 
distinction between cutaneous and neural leprosy The neural type shows higher 
resistance, as is mdicated by stronger cellular response accompamed by phagocytosis 
and destruction of bacilh , hence fewer bacilli are found m sections Cellular 
response to a given number of bacilh is more easily induced in the conum than m 
the subcutaneous nerves This is most stnkmgly seen in the cutaneous macule 
where a moderate number of bacilli m the conum causes a moderate amount of 
cellular multiplication and granulation , whereas there is no such response even to 
the higher degree of infection present in the nerves The same principle is also 
illustrated m the neural macule with attached subcutaneous nerves, as bacilh are 
found in larger numbers m the nerves than m the conum The reason for the lower 
ceUular response in the nerves requires mvestigation It may be due to ereater 
scarcity m the nerves of the cells which take part m the response , or the nerves 
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being less exposed than tbe corium to infections m general, may not have evolved 
an equally sensitive defence mechanism Apparently, cellular prohferation begins 
from a small vessel lymg in the centre of the nerve bundle and spreads outwards , 
thus the core of the bundle is always the fiist part to be affected The spread of 
mfection up the nerve is piobablj^ along the lymphatics, as the bacilh are found 
distributed throughout the tliickness of the bundle, though they tend, when 
cellular response is absent, to be more concentiated in the centre 

The nerves thus form a refuge foi bacillary infection where it can mcrease and 
spread The presence of a high degiee of infection in the nerves does not necessarily 
of itself constitute neive leprosy This type of the disease is caused only when, in 
addition to the presence of bacilli m the nerves, there is high enough resistance to 
induce cellular response to these bacilh, the cellular infiltration causmg swellmg and 
tenderness of the nerves, piessure on the axis-cylinder, and consequently neural 
signs In the cutaneous type, however, hyperinfection (as mentioned below) 
reduces resistance, and prevents cellular response to the bacilh present in large 
numbers m the nerves 

The relationship between cellulai response to the presence of M leprce and the 
destruction of these organisms as a result of that cellular response is one which 
should be referred to here lu leprosy cellular ingestion of bacilh may apparently 
be either favourable or unfavourable to the organism There may either be sym- 
biosis with protection and consequent multiplication of the bacilh, or phagocytosis 
with consequent destiuction We express no opinion as to whether one and the 
same cell is capable under varying circumstances of acting as guest-house and lethal 
chamber , but there seems no doubt that the stronger the resistance of the patient, 
and consequently the mtenser the cellular response to the presence of bacilh, the 
more likely is complete phagocytosis to take place This is shown by the relatively 
small number of bacilli found in the corium of the neural macule in which the cellular 
response is far greater than m the cutaneous macule It is also shown by the absence 
of bacilli in the core of the nerve bundle connected with the neural macule, i e , in 
the part where they have been destroyed through cellular reaction The giant cell 
may be regarded as the result of a particularly strong cellular reaction to a small 
bacihary focus , and caseation and abscess formation are probably caused by a 
similarly urgent reaction to a larger bacihary focus In ah the phenomena connected 
with the neural macule the mam deterrainmg factor is the sudden passage fiom low 
resistance with bacillary multiplication to high resistance with urgent cell response 
and phagocytosis Where, however, the cellular response is absent or very low, as 
for mstance m the nerves connected with the cutaneo.us macule, many bacilli may 
not even be ingested and may thus continue to multiply and form bacillary masses 
extracehularly 

We have shown m previous articles (Muu, 1933, 1934, 1934c) that the 
principal factors which are responsible for lowered resistance to leprosy are three 
in number — 

(a) the age factor — during the first few years of life the resistance to leprosy 

IS lov ered even m healthy children , 

(b) the dehihty factor — due to other diseases, dietarj' error, or other 

unfavourable circumstances , 
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(c) liyfcnnfeclion — ihc natural resistanco of the body to leprosy is depressed 
when tlic couceutiation of bacilli in the body has increased beyond a 
certain degree, however strong and healthy the patient may otherwise 
be 


These same three factors, therefore, indirectly influence cellular response to 
and the phagocytosis of M lepiai Inversely mild (subliminal) infection with 
leprosy tends to raise the resistance of the patient to leprosy and intensify cellular 
response to and phagocytosis of M leproo 

The manner in which the principles formulated above govern the formation of 
various types of lesions may best be illustrated by describmg a few cases — 

As the first case we take the example of a naturally resistant patient who has a 
single focus of infection m the skin of the back of the hand showing no clmical signs 
For three months he is debilitated by an attack of malaria, after which he recovers 
Durmg the period of debiUtation the resistance of the patient is lowered to a certam 
extent The cellular response is sufficient to prevent the spread of infection along 
the vascular plexuses of the corium , but, as the cellular reaction to infection in the 
subcutaneous nerves is less than m the skin, the bacilli are able to spread up the 
nerve branches, the distance of spread and concentration of bacilli varymg with the 
duration of lowered resistance In this way a more or less pure form of nerve leprosy 
IS formed During the period of depressed resistance no recognizable signs or 
symptoms may be present , but, when the patient has recovered from the malarial 
attack and has regained his former good health and high resistance, there begins to 
take place a cellular response to the bacilh which have meanwhile multiphed and 
accumulated m the nerves and their branches It is then that sensory and trophic 
changes take place in the parts supplied by the afiected nerves , also, if the concen- 
tration of bacilli anywhere in the nerves be sufficient, there may be noticeable 
thickenmg and tenderness and even occasionally abscess formation 

In a second case the degree of temporary debility and lowered resistance is 
greater than m the first The spread of infection is not checked m the cutaneous 
capillaries, but spreads radially through the skin from the original focus to an extent 
relative to the degree and duration of the depressing factor At the same tune 
infection spreads up the cutaneous nerves Here again clinical signs will be seen 
not durmg but after the period of debility The appearance of the lesion in the 
skin will vary accordmg to circumstances If resistance has been depressed only 
to a mild degree, a certain amount of cellular response and destruction of bacilh will 
have taken place at the centre, while the active'^ infection has continued to spread 
radially When, therefore, resistance is restored there will be more bacdli present, 
and therefore, more cellular reaction, at the margin, which will become thickened 
and indurated, the centre remaining comparatively flat and soft If, however 
resistance has been stdl more depressed, the central phagocytosis will not have taken 
place and the bacilli will be more equally distributed through the whole affected 
area Thus, on restoration of reactmg power, the vhole macule inll become equally 
raised and indurated In this type of case also it is common to find considerable 
thickenmg of nerves with trophic and sensory changes 


In a third type of case the period of debihty and depressed resistance has lasted 
for a considerably longer period, and multiple lesions have been formed When the 
depressmg factor, say some mtercurrent disease, has been removed the bacilli have 
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already multiplied in tlie body to such an extent tbat tbe threshold has been passed 
between subliminal infection and hyperinfection Recovery from debihty is 
accompanied by increased cellular response , but, considering the bacillary concen- 
tration, which has become far higher than in the first two cases mentioned, the 
cellular reaction is comparatively of a much milder type Ingestion of bacdli takes 
place without true phagocytosis, and destruction of the bacilli is unable to keep 
pace with their multiplication Such a lesion may, to begin Avuth, show little thicken- 
ing or mduration, though these tend to increase as the infection increases and afiects 
the whole depth of the skin In this type nerve thickemng and trophic and sensory 
signs are, if present, much less noticeable , the bacilli, though present m large 
numbers in the nerves, fail to excite much cellular response 

A fourth t)pe of lesion is caused by a still more prolonged and/or severe depres- 
sion of resistance, in which any or all of the three depressing factors (age, debility, 
hyperinfection) may take varying shares of responsibility Infection havmg spread 
by metastasis sets up multiple foci in the skin From these foci radial spread takes 
place till the lesions coalesce resulting m entire, or almost entire, infiltration of 
the skin The infection may be chiefly confined to the sub-papillary plexus, or the 
subcutaneous plexus may also be involved In such cases, though there is mild 
cellular response to the large number of bacilli present, the hyperinfection factor 
(aided or not by the other two factors) tends to prevent effective phagocytosis and 
destruction of the bacilli If there is a greater concentration of bacilli at any point, 
then local cellular multiplication takes place there causing the familiar leprous 
nodule In many cases, however, nodulation may be absent, and occasionally 
the patient may present clinically an appearance which even to those with consi- 
derable clinical experience would scarcely raise the suspicion of leprosy The 
condition of the nerves is similar to that in the third type 

The fifth type appears as a contmuation or final stage, especially of the last 
two types Advanced leprosy has a tendency towards self-heahng As the bacilli 
become eliminated from the skm and mternal organs the hyperinfection factor 
dimimshes until a point is reached at which the masses of baciUi sheltering m the 
nerves are able to excite marked cellular response In consequence of this, tender- 
ness and thickenmg of the nerves with trophic and sensory disturbances become the 
most marked features in the climcal picture In this type we have trophic ulcers, 
wasting of the small muscles of the face, hands and feet, and deformity and destnic- 
tion of the fingers and toes 

To complete the series it is necessary to describe a sixth type, viz , that found 
in young children and especially familiar to those m medical charge of homes for thr 
children of leprous parents Chnically there are hypopigmented areas of the sk 
vnth slight roughness and keratosis On section the skm shows cellular infiltration 
chiefly round the sub-papillary vascular nlexus Bacilli are often scanty and 
difficult to find History of close contr n infectious case may be necessary 

to confirm the diay^ ' leprosy - hanges may be difficult to^ elicit 

The infection has s' ly due to t or lowering the natural resistance 

of the patient, and • i/^m propc se cases recover if removed early 

enough from the so tion, man ough h”'^"rinfection or debility 

or both these facte , pass oi ''re d forms of advanced 

cutaneous leprosy 
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The leprohn test — IMitsuda’s leprolm test (Chiyuto, 1932 , Hayashi) 1933 , Muir, 
1933) tlirows much light on the nature of leprous lesions and tends to confirm some 
of the above-mentioned interpretations of the phenomena of leprous lesions 
Leprohn consists of an autoclaved suspension of ground-up leprous nodule contaimng 
large numbers of Hansen’s bacilh If 0 2 c c of leprolm is injected intradermally 
into the healthy skin of a leprous subject, a local lesion is produced having clinical 
and histological resemblances to his already existing lesions If the patient’s macules 
are hard and mdurated and of the highly resistant type, showmg compact cellular 
cords, numerous giant cells and few or no baeilh, then the leprolm nodule, sectioned 
3 or 4 weeks after the tune of inoculation, will show similar dense cellular mfiltration 
and numerous giant cells If the patient’s lesions are of low resistant type, then no 
leprolm nodule appears, and sections of the skin at the pomt of inoculation show 
little or no cellular response The leprohn test is positive in most healthy non- 
leprous adults , it is dunmished or negative in young children, in debilitated subjects 
and in those with a leprous hyperinfection , it is increased m leprous subjects who 
are otherwise healthy, and in whom infection has only been slight We have not 
seen bacillary invasion of local nerve branches as the result of the injection of 
leprohn In resistant cases the dead bacilh of the leprohn are rapidly phagocytosed , 
in non-resistant cases the bacilh are apparently carried away by the lymphatics of 
the skin, though whether any of them enter the attached nerve branches it is difficult 
to say 

The value of the leprohn test is considerably enhanced by using as a control an 
autoclaved suspension of Stefansky’s bacillus {M leprce muns), obtained by grinding 
up the hver, spleen and omentum of rats previously inoculated with this organism 
This suspension is known as Stefansky’s leprohn in contrast to Hansen’s leprohn 
prepared with M leprae It is standardized so that 0 2 c c , mjected intradermally 
into healthy non-leprous adults, produces m 3 weeks’ tune a nodule similar in size to 
that produced by the same dose of Hansen’s leprolm Like Hansen’s leprohn it 
gives only shght or negative results m young children and debilitated adults , but it 
differs m giving positive results in non-debilitated adult lepers of the cutaneous 
(C) or non-resistant type 

The leprohn test tends, therefore, to confirm the hypothesis that the nature of 
leprous lesions is chiefly determmed by the degree of resistance to the disease and by 
the degree, duration and frequency of lowered resistance caused by one or other 
or a combination, of the three factors tender age, debihty from whatever cause' 
and hyperinfection The greater the resistance the more conspicuous are the neurai 
lesions , and the less the resistance the less promment are chmcal signs and 
sjonptoms affectmg the nerves 


Conclusions and discussion 


1 Leprosy mfection tends to spread along the Ime of the vascular plexuses 
of the skin (sub-papiUary and subcutaneous) and up the cutaneous nerve branches 
from the skin 


2 The multiphcation of M leprae and the spread of mfection through the skm 
nerves and other organs of the body is — ° 

(a) in inverse proportion to the degree of natural and acquired resistance 
of the patient to mfection, and to the degree of endo+h 
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cellular response evoked locally by tbe presence of M leprw m tke 
tissues, and 

(b) in direct proportion to tbe degree, duration and frequency of the depression 
of tbis resistance 


3 The degree of local cellular response evoked by tbe presence of M leprai in 
tbe tissues is in direct proportion to tbe local concentration of these organisms, and 
to tbe natural and acquired resistance of tbe patient, and in inverse proportion to 
tbe depressing factors (age, debility and byperinfection) Cellular response is a 
function of local bacillary concentration and resistance, wbicb may be symbolical]}" 
expressed as follows OR = f (LBCxR) , where OR = cellular response, LBC= 
local bacillary concentration, and R = resistance 

It has been suggested that neural leprosy may possibly be tbe result of 
a neurotropic strain of M lepnee , but there is little or no evidence to support 
this view 


4 Either higher bacillary concentration or a greater degree of resistance is 
necessary to cause tbe same degree of cellular response in tbe nerves as in tbe dermis 
Tbe cause of this is unknown, but it may possibly be due to comparative scarcity in 
tbe nerves of tbe endothelial cells which take part in this response , or it may be 
that endotbehal cells contained in the nerve bundles are less sensitized to infections 
in general and are, therefore, slower in responding to tbe presence of 31 leprce 

5 In young children and in debibtated subjects tbe pathway between tlie 
milder and grosser infection is open, and tbe one tends to pass, often rapidly and 
imperceptibly, into the other But in the case of subjects who have passed the 
non-resistant early age period, and in whom debilitatmg factors are not present, 
there is a marked hiatus between the mild type in which subliminal infections have 
increased the resistance, and the grossly infected type in which byperinfection has 
lowered the resistance The majority of leprosy cases can, thereiore, be classified 
as resistant or as non-resistant cases, tbe latter being sub-classified as non-resistant 
through age, debility or byperinfection, or through combmations of these factors 


6 There is strong evidence to show that, as a rule, leprosy is not progressive 
in resistant cases, provided that tbe general health is not depressed severely or for a 
prolonged period This is borne out by careful investigation into the history of 
infected families (Muir and Chatterji, 1934) Therefore, in the treatment of such 
cases, the chief emphasis should be laid upon the maintenance of good health and the 
avoidance of debilitating factors 


7 Although bacteriological exammation of skin lesions m resistant cases may 

fail to show M leprcB or show only very few, examination of the nerves supjfilf-'^^S 
tbe macules in these cases wiU frequently show a larger number of these oreanisms, 
a higher degree of resistance being necessary to destroy the bacilli in th^ nerves 
than in the skin ’ 

8 The fact that subliminal infection with 31 lepree increases immunity to 
leprosy suggests that injections of suspensions of 31 lepree in the form of diluted 
Hansen’s leprolin should still further increase the immunity of resistant cases o 
leprosy Also the immunizing effect of these organisms should be stronger if they 
are injected intradermaUy into and round the lesions which are already showing a 
cellular response to 31 lepree 
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It Ins been noted that m the first two types of cases mentioned above the 
decree of resistance was sufficient or almost sufficient to cause entire destruction 
of ill Zepi ® in the skin but not in the connected nerve branches, these latter tending 
to act as reservoirs of infection If, however , by mtradermal injections and possibly 
by perineural subcutaneous injections of the leprolin the local and general resistance 
can be enhanced, phagocytosis and destruction of the intraneural bacilli may be 
induced or amplified 

With this object in view we have treated patients with lesions of the second 
t}’p)e described above with mtradermal infiltration of dilute Hansen’s leprolin into 
macules, and an area half an inch in width beyond their apparent margin The 
degree of dilution of leprolin is in proportion to the reaction obtained with a prelim- 
inary leprolin test A 1 in 10 to 1 in 20 dilution of the stock leprolin is generally 
used At the same time or at a later sitting the subcutaneous tissue round palpably 
thickened nerves is infiltrated, care bemg taken to avoid injection into blood vessels, 
by pulling on the piston of the syrmge before pressing it home It is still too soon 
to report on this form of treatment, but the results obtained so far are promising 
Success IS indicated by a stronger reaction to the leprolin test and disappearance of 
active signs in macules and connected nerves In several cases thus treated the 
lesions have completely resolved after one or more such infiltrations, thickened and 
tender nerves clearing up at the same time, though more slowly One great 
advantage of this form of treatment, especially to those living at a distance from the 
treatment centre, is that the patient does not necessarily require to pay many or 
frequent visits , appearance at intervals of one or two months may be sufficient in 
some cases 

9 Obviously, leprolin treatment such as that suggested here could not be 
expected to be useful in the third, fourth and sixth types of lesions mentioned above, 
that IS to say in patients in whom resistance has been lowered by hyperinfection 
In such cases injection of leprolin would only still further depress resistance We 
have, however, obtained encouraging results m the third type, when the infection 
was strictlv limited, by mtradermal infiltration of the lesions with diluted Stefan- 
sky’s leprolin In these patients the reaction to Hansen’s leprolin test was negative, 
but positive to Stefansky’s Infiltration of lesions with the latter suspension (diluted 
1 in 5 to 1 in 20 in inverse proportion to the degree of reaction to the test) produced 
local cellular reaction and phagocytosis of both the injected leprohn organisms and 
the formerly present Hansen’s bacdli , whether or not the injection of Stefansky’s 
leprolin in such cases produces any degree of group immunity is a matter for 
investigation 

10 Another use of the leprolin test is m estimating the resistance of those 
who have been in contact with an infectious case, especially in the case of children 
In those who react satisfactorily and are, therefore, resistant cases further 
resistance may be induced by occasional (every 2 or 3 months) injections of 
leprolin 

11 One of thn most searching criteria which can be used as a guide before 
discharging arrested cases is the leprolin test lilTien a former C-2 or C-3 case 
becomes bacteriologically negative and remains so for two years the signs are 
encouraging The patient should, however, be kept under observation unless or 
until the reaction to Hansen’s leprolin becomes at least moderately strong This 

J J MR 1 Q 
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test is also useful in determining tlie length, of treatment required in cases of the 
nerve type 


Summary 

The distinction between neural and cutaneous leprosy is explained by the aid 
of histological findings and the leprobn test The main factor determinmg the one 
type from the other is shown to be the degree of resistance Another important 
factor IS the relatively low resistance and cellular response to lepra bacilli in the 
subcutaneous nerves as compared with the skm The importance is dwelt on of 
the distinction between resistant and non-resistant types m the diagnosis, prognosis, 
prevention and treatment of leprosy 
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The occurrence of natural infections with Leishmania does not appear to be very 
nncommon among the dogs of countries on the Mediterranean httoral and m some 
parts of Persia, Iraq, Transcaucasia and Transcaspia In these countries both 
visceral and cutaneous canme leishmaniasis have been recorded either as separate 
diseases, or in combination 

Although some thousands of dogs were examined by Donovan, Patton and 
Mackie, in areas of India where human visceral leishmamasis is endemic, m no case 
was infection with Leishmania found The same absence of visceral Leishmania 
infection in dogs was a feature of the epidemiology of kala-azar in Assam, even in 
the midst of the epidemic centres of the disease during the last outbreak One of 
us (H B S ) working in Assam in 1923 durmg the height of the kala-azar epidemic, 
made an examination of dogs with a special view to discovering any natural visceral 
Leishmania infections among them 

The examinations were considered more likely to detect canine infections in 
an area where human kala-azar was very prevalent, if they were confined to animals 
showmg marked signs of ill-health, as exhibited by emaciation, loss of hair, etc , 
rather than extended to a larger number of dogs taken at random In this way it 
was hoped the more readily to detect possible infections, for two reasons 

(a) Dogs showing signs of lU-health were more likely to be the infected ones, 
and 

{h) The bmitation of numbers enabled a very thorough examination of each 
dog to be made ' 
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Such u senes of dogs had probably a greater value than many times their number 
of unselected animals 

A total of 44 dogs was examined Each dog in the series was examined by 
autopsy Direct smears and cultures on N N N medium were made from the 
liver, spleen and bone-marrow in 43 and smears only in one All the findings were 
negative as regard Lerslimama infection'*' Only two cases of natural infection with 
tins parasite have been recorded in dogs in India Both these were cutaneous 
The recognition of a third case appears worthy of note 

Avan and Maclcie (1924) examined a superficial ulcer near the base of one of the 
ears of a pariah dog in Bombay, and found Leishnama present '\Mien the animal 
was seen again about a week later, tlie sore had almost healed These authors 
mention another case of this infection occurrmg at the same time in Bombay Tlie 
latter has been described in greater detail by Row (1925) 

Row {he cit) examined a ‘ 'quasi-bulldog ’ which had extensive ulcers on the 
lips, ears, nose and the inner canthus of the left eye In addition there were a 
number of non-ulcerated lesions on tlie inner sides of the ears, looking like shining 
buttons of the size of a large pea The animal had arrived in Bombay 81101 % 
befoi e from Landi Kotal, in the North-West Frontier Province of India Leishnama 
were found in these lesions, and it was suggested that the parasites differed in some 
particulars from those seen in human cases of this disease 

Row {loc cil ) was unsuccessful in obtaining cultures of the parasites, and intra- 
peritoneal injections of material obtained from the sores failed to infect two mice 
which were observed from 2 to 6 months afterwards Two pariah dogs were injected 
at the same time subcutaneously in the ear A nodule appeared at the point of 
injection after about 6 weeks in both dogs Tins ulcerated and showed 0-bodies 
These experimental lesions healed spontaneously after about 4| months from the 
original inoculation 

The pariah dog of the earlier record was captured in the vicinity of the Veterinary 
Hospital where Row’s case was undergoing treatment at the tune As both cuta- 
neous and visceral leishmaniasis appear to be rarely, if evei, contracted inBombav, 
Row (loo cit) suggests that the infection reported by Avan and Mackie {loc ext) 
maj have been contracted from his case 


Details of the present’ case of canine lecpshmaniasis 

The animal was a white bull-terrier, male, aged 3 years He was born and 
lived most of his life at Kasauli in the outer Himalayas (6,000 feet above sea-leve J 
In December 1933, he was taken to Karnal, Punjab, wheie he remained until m 
middle of Ma}'^ 1934, when he returned to Kastiuh 


* Wlnle this paper was in the press, we have received a publication by ^^‘^’’’mopetros (10 ) ^ 

states, ‘ La leishinamose naturelle cutanee du chicn est inconnuc jusqn’a present en We ‘ , ,pq,' 

elle est dqcnte dans quelques regions d Asie, en particuher a Tehtran oti elic est tres ix psn 
qii' au Turhestan et a Delhi (Indcs) ’ We have been unable to trace the origin of the sta 
canine cutaneous leishmaniasis is common at Delhi The only reference we can find to acccpled 
lit}' is that of James (IfiOD who cxaihincd sores on dogs in that eitv and states, ’ 

opinion that true Delhi sores occur on dogs and other domestic animals has yet to be con i 
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On IGtli July, a number of small, pale pinkish, raised nodules were observed on 
the animal’s nose The lesions weie situated on the almost hairless skin ]ust outside 
the corrugated sensory area of the nose On the upper surface of the nose were 
three nodules about 3 mm m diameter, and three others about half this size On the 
left side of the nose, ]ust below and behind the slit of the left nostril, was a group 
of four confluent nodules, each about 3 mm across Half-way along the upper lip 
on either side, on the skin near the edge of the mucous membrane, was a small nodule 
about the size of those last mentioned 

These pale nodules were slightly raised and their surface seemed smoother 
than that of the surrounding skin Each nodule was slightly umbilicated and, 
when examined with a lens, this appeared to be caused by some commencing destruc- 
tion of the skin, although it was difficult to be certain of any actual breach in the 
suiface One of the nodules near the nostril had a distinct central ulcer about 1 mm 
across The lesions were of such a slight nature that, but for their contrast against 
the black skin around them, they might easily have been overlooked A careful 
search was made but no other nodules could be found an)rwhere on the body 

Smears were made of scrapings from some of these lesions, and, when these 
were stained with Giemsa’s stain, typical Leishman-Donovan bodies were found 
The parasite was also successfully cultured on N N N medium 


Discussion 

The question arises as to where the animal acquired the infection The dog 
had been under close observation since birth, and the only two places m which he 
had ever spent a night, are Kasauli in the Simla Hills, and on the plains at the Ross 
Field Experimental Station for Malaria at Karnal, Punjab 

When L donovani is injected into dogs, the lesions produced are sometimes 
cutaneous in character It, therefore, appears necessary to consider the possibility 
of infection with L donovani in addition to L tropica 

Leishmaniasis of any kind is unknown in Kasauli as an infection acquired 
locally Kala-azar has, however, been reported on a number of occasions among 
the children in a school on the neighbouring hill-top (Sanawar) about 2 miles awaj 
The two places are separated by a wide and deep valley, and while P argentipes, 
the probable vector of kala-azar, has been found in Sanawar, it has never been 
recorded in Kasauh Both stations, however, have large numbers of P chinensis 
and P major during the summer Of these insects the former is suspected to be 
the vector of kala-azar in North Clima, and the latter of the same disease in the 
Mediterranean area 

At Karnal, oriental sore is not uncommon, but kala-azar has never been recorded 
In the Ross Field Experimental Station for Malaria sandflies are numerous, and 
P pajmtasii, P sergenti and P argenlipes have all been collected The first two 
species of insect are strongly suspected of being the earners of human cutaneous 
leishmaniasis in southern Europe, North Africa and western Asia 

The absence of lesions from the more hair) parts of the body negatived the 
view that the infection could have been carried by fleas, or similar more personal 
insects The fact that they weie localized to an exposed area where hair u as almost 
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entirely absent* suggests carnage by a flying insect witb a short proboscis The 
experimental evidence in connection with human forms of leishmaniasis suggests 
very strongly that flies of the genus Phlehotomus carry the mfection in nature 

It does not seem probable that the mfection was acquired in Kasauli because {a) 
no local cases of leishmamasis, either cutaneous or visceral, have been recorded, 
(6) none of the suspected vectors of cutaneous leishmaniasis (P papatam and 
P sergenti) occur in Kasauh, and (c) another dog of the same species, living under 
the same conditions and m the same house in Hasauli has shown no lesions 

At Karnal on the other hand, (a) local cases of cutaneous leishmaniasis are not 
uncommon, (b) P papatasii and P sergenti occur in close proximity to the sleeping 
place of the animal, and (c) another dog, which was bving under the same conditions 
but did not have a prolonged stay on the plains during the sandfly season, has shown 
no signs of the disease 

From the evidence available, it appears almost certain that the infection uas 
acquired at Karnal, Punjab 


Summary 

A case of cutaneous leishmaniasis m a dog is reported The infection was 
probably acquired at Karnal, Punjab. 
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♦ This animal was ohserved while curled up in sleep, and practically the only hairless portion of 
thehody exposed at such times was its nose On several occasions gorged sandflies have heen ohserved 
restmg on the wall above the sleepmg ammal 
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PROPHTLAOTIC ADMINISTRATION OP BACTERIOPHAGE 

1 The first clear indication in Madras Presidency that bacteriopbage migbt 
be useful against cholera ivas at the Kistna Pushkaram festival in August 1933 
lasting two to three weeks In the case of this festival, which is celebrated at 
twelve-year intervals, previous records show that outbreaks of cholera used to be 
associated with its observance On these occasions, any epidemic of cholera preva- 
lent in the surrounding area used to invade the festival centres and the celebration 
of the festival led to exacerbation of the epidemic On the present occasion there 
was no cholera in any of the festival centres The neighbourmg districts of East 
and West Godavari started cholera in July 1933 and the epidemic continued through 
August, September and October Even m Kistna and Guntur districts, where 
the festival took place, there were mfected villages Erom the infected villages of 
all these districts hundreds of pilgrims came to Bezwada, the most important centre, 
and the other places of worship along the course of the Kistna river However 
there was not even a single case of cholera though the festival lasted two to three 
weeks The suggestion, therefore, was that bacteriophage must have contributed 
to the absence of cholera, because the usual sanitary measures were the same on this 
as on previous occasions 

2 As soon as the Kistna Pushkaram was over, experiments with bacteriophage 
were instituted m the Godavari districts Certam villages were taken as contras 
and others for distribution of 'phage In both the groups the usual measures against 
cholera, mcludmg anti-cholera inoculation, were carried out, and in one group 
bacteriophage by oral administration (as the water-supply was from canals and 
tanks) was also carried out Dr Ethirajulu Haidu, Assistant Director of Public 
Health, mspected these viUagp and he was of opinion that the figures supplied 
from these villages were not reliable Hence, they have not been included in this 
report 


( 397 ) 
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3 In November further experiments were started in North Arcot district 
The experiments were conducted on the same lines as in the Godavari districts except 
that, in villages with wells for their water-supply, the administration of prophylactic 
bacteriophage was carried out by ’phaging the wells Chlorination preceded the 
addition of bacteriophage Every cholera-infected village had chlorination of 
wells, whether it was a ’phaged or a control village In the case of the ’phaged 
villages there was no further chlorination after the first one, while in the case of the 
control villages it continued. As regards the ’phaged villages, after the lapse of 
about 36 to 48 ^hours, the watei was tested for the presence of free chlorine with 
starch and potassium iodide and, in the absence of chlorine, bacteriophage was 
added at the rate of one ampoule of 20 c c for every 1,800 gallons of wnter in the 
Avell This was the instruction issued by the Public Health Department after 
consulting Di I N Asheshov A complete census of each village (’phaged and 
control) was taken ]ust prior to the starting of the experiment and the number of 
houses supplied by each well was noted On the basis of the population of these 
houses, the water drawn off from each well was calculated at the rate of 5 gallons 
per head, which is indeed a very liberal allowance for the average villager m the 
distnct On the second and third days after the first ’phagmg, bacteriophage was 
added to the well in quantity corresponding to the water likely to have been drawn 
off (which would have been replaced by the springs) and every fourth day the full 
amount of ’phage necessary for the contents of the well was put in 

4 As regards oral administration a fourth of the ampoule (6 c c ) of bacterio- 
phage was added to about three gallons of water in a vessel and each individual was 
made to take a mouthful of the water The sanitary inspector had to carry out the 
administration early morning and late in the evening in order to ensure that the 
maximum number of persons possible received bacteriophage As far as possible 
those who were missed in the morning w'-ere traced out and given ’phage m the 
evenmg The register of daily administration of ’phage was marked on the spot 

5 Tlie bacteriophage used throughout the experiments was a mixture of 
cholera ’phage types A, B, C, D and E and was manufactured at the King Institute, 
Guindy, from a ‘ passaged ’ seed, that is, one which had been carried through cholera 
patients and was found to yield a potent ’phage on cultivation This ‘ passaged 
seed wa-' obtained from Dr Asheshov who was also using the same seed for his 
manufacture at the time. The same strain of cholera — recently isolated and 
smooth — was used throughout for the manufacture of the ’phage 

6 It IS true that the dose given by oral administration was definitely highei 
than that given through the wells In this study no attempt was made to separate 
the figures for the two methods of administration In the first place, thefiguics 
are so small that separation will further minimize their value for statistical analy»i^‘! 
Secondly, if the dosage given through the wells, in accordance with Dr Asheshov s 
suggestion, should suffice as the minimum necessary for prophylaxis, larger doses 
by the method of oral administration should have the result of^ making the c fftet o 
bacteriophage more significant, if it had any prophylactic value In this stiK } 
there tire 23 attacks among persons receiving prophylactic ’phage and of these on i 
8 attacks relate to administration through the wells Iii their case the num ler 
of consecutive days of administration of bacteriophage just prior to the at ac 
ranged from 2 to 24 days 
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7 In every village where bacteriophage was being used and m every control 
village there was a separate samtar)' inspector posted for duty in order to ensure 
that, as far as possible, the same amount of skilled observation was rendered 
available in both the groups of villages, as absence of uniformity would have a 
disturbing influence in determining the course of the epidemic m the e'xperimental 
villages Dr K vSankarau, the District Health Officer, was in immediate charge of 
the experiments and, in order to enable him to devote himself to the supe: vision ot 
the work of the sanitary inspectors, he was relieved of his routine duties by the 
posting of an Assistant District Health Officer Dr B Ethira]ulu Naidu, Assistant 
Director of Public Health (Epidemics), controlled the experiments and by periodical 
inspections, ensured that they were conducted properly Further, between the 
5th and 10th Jamiar-v 1934, Dr Naidii and the author inspected these villages 
together and bj field inquiries attempted to assess the value of the data collected 
The figures are few but w'e are satisfied that the}’^ are reliable The reason for the 
smallness of the figures is that, by the time the village headmen reported cholera 
and the health staff arrived on the scene and started operations, the epidemic had 
died out in the case of several villages and they had to be left out of this study 

8 At the suggestion of Lieut -Colonel H H King, i m s , Director, King 
Institute, Guindy, the attacks and deaths were divided into four classes Class I 
relates to the figures before the arrival of the health staff on the scene and class 
II to the period of partial anti-cholera measures What is meant is that, during 
this period, the sanitary inspector was not in. residence at the village and that he 
carried out, whenever he visited the village, chlorination of wells, inoculation of 
contacts and disinfection of the infective materials m the houses where there were 
attacks during his visit Class III gives the attacks and deaths after an inspector 
was placed in the village to be in permanent residence and this represented the 
period of intensive anti-cholcra measures ’Phagmg operations relate to this period 
Class IV gives the figures for a period of 14 days after intensive operations were 
started Thus class III is inclusive of class IV 


9 In assessing the value of bacteriophage we are concerned only wuth the 
figures of classes III and IV as the administration , started wuth the permanent 
residence of an inspector m the vdlage and the institution of intensive operations 
For the purpose of securing figures of attacks and deaths for an equal length of 
period of exposure to infection in the case of both the 'phaged and un’phaged 
vfliages, Lieut -Colonel King suggested that a period of 14 da-vs mmht be 
taken from the date of starting intensive anti-cholera measures "The number 
14 was arrived at by the addition of ten days (an arbitrary figure adopted as 
the period of persistence of infection in the community after the last attack) to the 
shortest period of prevalence of the epidemic m these villages (4 days) from the 
date of starting intensive measures This date differed from village to village 
that IS, the institution of such measures took place at varying points in the curv^es 
of the epidemic in the different villages In this sense w e' are combining dissimilar 
experiences, because cholera tends to rise rapidly to its maximum and then declmes 
both as regards its incidence and the rate of mortality However, the division into 
the four classes mentioned above is perhaps the best means of securing comparable 


10 In each of the above classes the attacks and deaths were div ided 
groups in the case of the ’phage villages and into tiio groups in the Le ^the coldd 
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Is tlie difference in these rates significant, though the ’phaged population 
shows a smaller rate ^ 


Table I 


Pjophjlacltc heatnieiil tvith bacteriophage 



Xot attacked 

i 

Attacked 

Totat s 

Not 'plingcd 

1,831 

2S 

1,859 

’Phaged 

1,445 

19 

1,464 

j 

Totals 

3,276 

47 

3,323 


3,123 (1,831x19-1,4-15x28)-” 
1,859x1,464x47x3,276 

P = 0 614 


The value of P sliows that the difference in the rates may be due solely to 
chance 

(2) Taking the ’phaged villages alone, a comparison may be made between 
the rates of attack of the populations of groups II and IV of 
Statement I ’phaged only ’ with ' given neither ’phage nor 
vaccine ’) It is true that, as bacteriophage is said to spread rapidly 
through the members of a community, even when its administration 
is coined to a portion of the population, group IV mu.st have 
received small doses of bacteriophage, though not in the amounts 
received bv the population of group II However, if bacteriophage 
IS definitely useful against cholera, the difference in the rates should 
be significant as group I alone received effective doses of ’phage 


’Phaged villages 


Popalation at 
nsk (’phaged 
onlj ) 

1 

Attacks 

1 

Pate per 
nnlle of 
population 

Population at 
nsk (given 
neither ’phage 
nor \accinc) 

Attacks 

Rato per 
mrlle of 
population 

i 

1 

1,164 

1 

19 

13 00 

318 

i 

7 

22 01 


Here again, the ’phaged population shows a smaller rate Is the difference m 
the rates due to chance ^ 
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Prophylachc treatment uith bacteriophage 


\ 

1 

1 

Not attaol ed 

Attached 

Totals 

1 

Not ’pliagod 

311 

7 

318 

’Phaged 

l.«5 

10 

1,464 

Totals 

1,75G 

26 

1,782 


= 1 483 P = 0 223 


This value of P shows that the difference m the rates may be due solely to 
chance 

(3) A comparison of the attack rates between the combined populations of 
groups TI and IV of the ’phaged villages and group II of the non- 
’phaged villages thus excluding the inoculated populations in both 
’phaged and non-’phaged villages We may use the figures of class III 
in both cases so that we are comparing the total experience m the 
’phaged and non-’phaged villages during the period of intensive anti- 
cholera measures 


'Phaged villages Non-’phaged villages 


Population at 
risk (groups 

11 and IV 
comhiiied) 

Attacks 

Rate per mille 
of population 

Population at 
risk (not 
inoculated) 

Attacks 

Rate per mille 
of population 

1,782 

29 

16 27 

1,855 

33 

17 8 


Table III 


Prophylactic treatment with bacteriophage 



Not attacl cd 

AUa«-lted j 

Totais 

Not ’phaged 

1,822 

i 

33 1 

1,855 

’Phaged 

1 753 

1 

29 

1,782 

Tot \ls 

^ 575 

62 

3 637 

X- = 0 125 

P = 0 724 
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Tills value of P sliows tliat tlie difierence in the rates is not significant and may 
be due to chance 

If we take the figures for class IV instead of class III, as we did above, the result 
IS the same Table IV gives figures for class IV 

Table IV 


PtopJiylachc treatment with bactenophage 


1 

Not attacked 

Attacked 

Totals 

Not ’phaged 

1,831 

28 

1,861 

’Phaged 

1,766 

26 

1,782 

Totals 

3,687 

64 

■ 3,641 


X2 = 0 014 P = 0 907 


Here too, the difference in the rates is not significant From all these 
tests we have to conclude that, with the available data, bactenophage when it is 
administered as a prophylactic agent m the manner mdicated above, has not been 
shown to be of value in reducing the incidence of cholera 


Bacteriophage as a curative agent 

On a perusal of the registers for the ’phaged villages it is found that alternate 
cases were treated with bacteriophage and with prodiarrhoea mixture, irrespective 
of the condition of the patient at the time of coming under observation In the 
non-’phaged villages prodiarrhoea mixture was used for the treatment of all cases 
From the tune of starting intensive operations all cases that occurred were traced 
out and treated m the case of both groups ot villages Taking the 31 attacks and 2 
deaths of the ’phaged villages m class III they may be divided into those treated 
with bacteriophage and those with prodiarrhoea mixture 


Baoteriophaqb 

Pkodlaeuhcba mixtorb 

Attacks 

Deaths 

Case mortality 
rate per cent 

j 

Attacks 

Deaths 

Case mortality 
rate per cent 

17 

1 

5 1 

14 

1 

7 1 


Bactenophage has a slightly smaller case mortality rate But the figures are 
ver}’’ small Somewhat larger figures are available regarding treatment of alterna e 
cases with bacteriophage and prodiarrhoea mixture if we take figures from o ler 
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villages, wliicli liave not been included in this report These villages had their 
epidemic of cholera at the same tune as the experimental villages and are in the 
same North Arcot district, though they were outside the range of the present experi- 
ment We are now concerned only with the relative values of bacteriophage and 
prodiarrhoea mixture as curative agents against cholera Hence, as selection of 
cases for either form of treatment was avoided, there is no objection to the addition 
of these figures to the ones given above for the ’phaged villages The combined 
figures are shown below — 


BACTERIOrHAGE 

PEOMABEHtEA MIXTURE 

Attacks 

I 

Deaths 

1 

Case mortality 
rate 

Attacks I 

1 

Deaths 

Case mortabty 
rate 

3e 

5 

13 9 

33 

1 

3 

9 1 


Here, prodiarrhosa mixture is seen to have a slight advantage over bacterio- 
phage 

Even the combined figures are small This has to be remembered in regard 
to the discussion that follows — 


Table V 

Gurative treatment mth bactenopjiage and fiodtarrhcea mixture 



Number oi 
BurviTals 

Number ol 
deaths 

Totals 

Baotenojihage ^ 

31 

5 

36 

Prodiarrhoea mixture 

30 

3 

33 

Totals 

61 

8 

69 

X® = 0 414 P 

= 0 520 



The value of P makes it possible that the difference may be solely due to chance 
On the available data there is no reason to think that either bacterionhage or 
prodiarrhcsa mixture has a decided advantage over the other r B 


The application of x“ test in this case and the ones that follow may not be fnlltr 
justified because the figures m some cells are small We are, therefore annW 
another test as welh - ’ v 
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Second test — Ou tlie assumjition tliat the 36 attacks among those treated with 
bacteriojihage and tlic 33 attacks among those treated with prodiarrkoea mixture 
are two random samples from tlie oMne population w^e may inqune whether the 
difference m the rates of case moitahty falls within the range of fluctuations of 
sampling 


Bactenophaqe — 


Number of attacks 

36 

(m) 

Number of deaths 

5 

ih) 

Prodza})hoea imriwe — 



Number of attacks 

33 

(ns) 

Number of deaths 

3 

(ts) 

Let d = iff — = 0 0480 




Our best estimate of p is = 0 1159 


q = 0 8841 

Standard erroi of d or o- d = ^ 'o 1159 X 0 8841 ( ~ — | — I 'l = 0 0771 

\3b ‘ 33/ 


(Td 


0 0480 
0 0771 


0 623 


The distribution of d m repeated sampling is likely to be far from normal when 
the samples are small (36 and 33) Let us find the shape of the distribution of d — 
_ 1 - 4pq ^ (n, - nj) = 




(Hi + ri;) n^Dj, 


= 0 0006 


% _L t-6 pq - niiia + n"; 

pq (Di + n.) Hiiij 


3 0549 


There is, therefore, very little deviation from symmetry though the curve js 
slightly more peaked than in the case of the normal distribution (Pi=0 , ^ 2 =^) 


In any case, with the value of --v = 0 623, the difference in the rates cannot 

(Td 

be significant On the available figures, no significant difference has been shown 
between bacteriophage and prodiarrhoea mixture as curative agents against cholera 


Rates oe mortality in the ’phaged and control villages 

Before discussing the mortality rates certain points may be mentioned The 
village headman who is responsible for the registration of vital statistics is, as is 
well known, indifferent to his task and the figures relating to class I, that is before 
the arrival of the health staff, arc, under normal conditions, likely to conswt mostl) 
of the severe cases winch ended in death Deaths do not readdj" c'^cape notice anu 
are, therefore, duly recorded ulide mild cases are easily lost sight of Under siicii 
circumstances, the case mortalit}^ rate for the period is likely to be very high Jn 
regard to these experimental villages all previous cases were traced by house o 
house enquiry and brought on record In dividing attacks and deaths into the four 
classes, deaths which related to the attacks of the previous class woie transferre o 
that class 
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It may be seen that, the case mortality rates for class I of botb tbe 
’phaged and uon-’pliaged villages aie similar, 60 to 65 per cent If the milder 
cases M'erc not traced the case mortality rate would have stood very much 
higher 

As an epidemic of cholera is characterized by varymg rates of attack and 
mortality during the different phases of its prevalence it is necessary to examine 
the figures for the respective classes separately Tables TI and VII set out the 
figures and the rates In Table VI the figures for the ’phaged villages relate to 
group II (’phaged only) and in Table VII to the combined figures of groups II 
and IV, on the assumption that small doses of bacteriophage might have 
spread fi om class II to the members of class IV As regards the non- ’phaged 
villages, it IS only figures of group II that have been used in both tables 
Thus, all the figures are exclusive of inoculation In the control villages the 
number of persons protected by inoculation was over two times greater than 
in the case of the ’phaged ones (682 against 329) 


Table VI 


Gompanson of the rates of attach and moitahty of the populahons of the 'phaged 

and non- phaged villages 



’PniQED VILLAOES (OROtTP II) 

Non ’phaged villages (ghoup II) 

Classes 

1 

Popula 
tion at 
nsk 

A* 

D* 

Attack 

rate 

per 

mille 

Death 

rate 

per 

mUle 

Case mor 
tahty rate 
as a per 
centage of 
attack 

Popula 
tion at 
nsk 



Attack 

rate 

per 

miUe 

Death 

rate 

per 

mdle 

Case jnorta 
lity rate 
ns a porcen 
tage of 
attack 

I 

1 239 

36 

19 

29 1 

i 

16 3 

52 8 

1,592 

22 

12 

13 8 

1 

I 

64 6 

n 

1,330 

48 

i 15 

36 1 

113 

313 

1,187 

28 

12 

23 6 

1 


42 9 

III 

1,475 

22 

2 

14 9 

1 4 

i 

i 

1,855 

33 

16 

17 8 

8 1 

46 5 

IV 

1,464 

19 

1 

o 

“ 

i 

13 0 

1 4 

10 6 

1,859 

28 

12 

151 

6 6 

42 9 


* A represents nttaeVs and D deaths 


J, MR 


14 
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Table VII 


Comparison of the rates of attacL and moilahly of (he jjoptvlahons of the 

'pJiaged and non-^phaged villages 



’Phaged 

VILLAGFS (GEOUrS II AND IV) 

Non-’phaged villages (group II) 

Classes 

Popula 
tion at 
risk 

i 

1 

A* 1 

D* 

Attack 

rate 

per 

millo 

Death 

rate 

per 

millo 

Case morta 
lity rate 
as a percen- 
tage o£ 
attacks 



D* 

Attack 

rate 

per 

mille 

Death 

rate 

per 

mdle 

Case morta 
lity rate 
as aperoen 
tage of 
attacks 

I 

1,239 

36 

1 

19 ’ 

29 1 

15 3 

52 8 

1,592 

22 

1 

12 

13 S 

7 5 

54 5 

TI 

1,330 

48 

15 

36 1 

11 3 

31 3 

1,187 

28 

12 

23 6 

10 1 

42 9 

III 

1,782 

29 

2 

U9 

1 1 

69 

1,855 

33 

15 

17 8 

8 1 

45 5 

IV 

1,782 

26 

2 


1 1 

7 7 

1,857 

28 

12 

15 1 

6 5 

42 9 


* A reprcscQta attacks and D deaths 


On a comparison of the figures for class III of the ’phaged and non-’pbaged 
villages it IS seen from both the Tables VI and VII, that the general and case mortality 
rates are higher m the case of the non-’phaged villages than in the ’phaged ones 
There is not the same marked difference between the attack rates and we have seen, 
by the tests carried out for judging the prophylactic value of bacteriophage, that 
the difference in the attack rates is not significant 


Case mortality 
Table VIII 

Companion of case moitahty tn piophylaclicalhj ^phaged 
and non- phaged villages 


Number of 
survivals 

Number of 
deaths 

j Totals 

1 

Non-’phaged j 

16 

12 

28 

’Phaged i 

17 

1 

2 

19 

Totals 

1 

33 

14 

1 

47 


X^ = 5 657 P = 0 017 
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Tins value of P sliov s tliat tlie difference in tlie rates is significant The reduc- 
tion 111 case mortality rate m the case of the ’phaged villages as compared with the 
non-’phagcd ones seems to be real and not due to chance 

Second test — 

d or difference in the rates of mortality = 0 3233 
crd=0 1359 

= 2 379 

j8i=0 0025 
/32=2 986 

With the above values of /3i and 1^2 the difference in mortality rates may be 
real and not due to chance 

Mortality bate op the populations at risk 

Two comparisons may be instituted to bring out the difference in the rates of 
mortality between the prophykctically ’phaged and the non-’phaged populations — 

(1) A comparison of the mortality rate of group II of the ’phaged villages may 
be made with that of the ‘ not inoculated ’ population of the control villages Both 
figures are exclusive of inoculation 


Tablf IX 

Mortality rates of 'jthaged and non- phaged populations 



Number of 
survivals 

Number of 
deaths 

Totals 

’Phaged 

1,462 

2 

1,464 

Non-’phaged 

1,847 

12 

1,859 

Totals 

3,309 

14 

3,323 


= 5 056 P = 0 025 

If P = 0 05 IS taken as the significance level the difference in the mortality 
rates is significant 

Second test — 


d = 0 0051 
vd = 0 0023 



/3i = 0 004 
13. = 3 070 
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These values suggest that the difference in rates may be real 

(2) A comparison of the rate of morrabty in the combined populations of groups 
II and IV of the ’phaged villages with that of tlie ‘ not inoculated ’ population of 
the control villages The populations of groups II and IV of ’phaged auUages are 
combined on the assumption that bacteriophage might have spread from the 
members of group II to gioup IV The figures arc exclusive of inoculation 


Table X 

Moitahty rates of ^phaged and non -phaged populations 



I 

Numher of 
survivals 

Number of 
deaths 

Totals 

’Phaged 

1,780 

2 

3,782 

Koti-’phaged 

1,847 

32 

1 1,859 

i 

Totals 

3,G27 

14 

3,641 


x2 = 6 755 P = 0 009 


The \alue of P is significant The difference in the rates of mortality seems to 
be real and not due to chance ' 

Second test — 

d = 0 0053 
<rd = 0 0020 


/8i = 0 00013 
/32 = 3 071 

Therefore, the difference m the mortabty rates is significant 

We have to remember that the figures are small but, on the available data, 
the fall in the mortality rate in the case of the ’phaged population seems to be rea 
and not due to chance We have seen that, as regards class III, every case receive 
treatment either with prodiarrhoea mixture or Vnth bacteriophage in the case of bo i 
groups of villages We have also seen that, as far as the available data indica e, 
neither prodiarrhoea mixtiire nor bacteriophage has a decided advantage over e 
other as a curative agent against cholera To what, then, should the reduction m 
the mortality rates of the ’phaged villages be attributed ^ 

Both the death rate per mille and the case mortabty rate show a 
fall, as regards class III, m the case of the ’phaged \Tllages as against the P 
ones The former rate is the combined result of the attack rate and ", 
mortabty rate I have taken the figures of case mortabty for the discussion 
follows. The fall in the rate might have been due to more than one cause 
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(1) The villages m the ’pliaged group were, as regards class III, at a later phase 
of the cholera epidemic prevalent in them than in the case of the non-’phaged villages 
A comparison of the mean periods of prevalence of the epidemic corresponding to 
each class brings out this point 

Table XI 

Mean penod of pieialence of the epidemic in the 
fihaged and non-’phaged milages 


Classes 

'Phaged villages 

Non 'phaged 
villages 

I 

4 1 days 

1 5 daj p 

II 

10 7 „ 

45 „ 

III 

12 9 „ 

12 5 „ 


As regards class III the periods of prevalence are about the same in the case of 
both groups of villages whde, as regards classes I and II, they are definitely greater 
in the case of the ’phaged villages 

Can the difference in the rates of mortality between the ’phaged and non-’phaged 
villages be due to the fact that, in the case of the former, class III coincided with a 
later phase of the epidemic prevalent m them than in the case of the non-’phaged 
ones ^ 

This is discussed at length later 

(2) Apart from this, if any forces making for a lessened mortahty had been 
acting m the case of the ’phaged villages even before the advent of bacteriophage, 
the sigmficant difference noted between the two groups of villages in class III might 
represent only the continued operation of these forces A reference to Tables VI 
and VII shoAVs that the case mortality rate of the non-’phaged villages continued 
to be high throughout the whole period while, in the case of the ’phaged ones, the 
fall was qmte definite even on passing from class I to class II Is the difference m 
the rates of the two groups of villages in class II significant t 

Table XII 


Comparison of the case mortality rates of ’phaged and 
non-’phaged villages Figvres of class II 



Number of 
survivals 

Number of 
deaths 

Totals 

'Phaged villages 

33 

15 

4S 

Non ’pliagod villages 

1 

16 

12 

28 

Totu-s 

19 

27 

76 

X- = 1 040 

P = 0 308 
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There rs no significant difference between the rates of the two groups However, 
the possibility of tlie emergence of a significant difference in class III from the 
continued operation of the causes influencing a lessened mortality in the ’phaged 
villages in class II cannot be excluded 

The division into classes I and II, based as it was on the date of first visit of the 
health staff, was quite arbitrary Tliere are instances of villages ha\ing no class II 
at all and of others having no class I Therefore the experience of the two periods 
may be combined, excluding figures for inoculation 


Table XIII 

Combined figures of classes I and 11 of both (he ’phaged and 
non-phaged villages 


’Phaced villages 


Non ’phaged viilages 


Classes 

1 

1 

i 

1 

1 Popula 
tion at 
risk 

1 


Attack ! 
rato j 
per 
millo 

Deatli 

rate 

per 

raille 

Case morta- 
lity per 
cent 

Popula 
tion at 
risk 

A* 

D* 

Attack 

rate 

per 

mille 

Death 

rate 

per 

mille 

Case morta 
hty per 
cent 

randn 

1 2,561 

84 

1 

34 

32 7 

13 2 

40 5 

2,779 

50 

24 

1 

18 0 

86 

1 48 

Til 

1,475 

22 

2 

14 9 

1 4 

9 1 

1,856 

33 

14 

17 8 

76 

42 4 


* A repre'sents attacks and D deaths 


Table XIV 

Companson of the rales of case moriahty for classes 1 and 11 
in the ’’phaged and non-gjhaged villages {combined 
figuies of classes 1 and 11) 



Number of 
survivals 

Number of 
deaths 

Totals 

’Phaged villages 

50 

34 

84 

Non ’phaged villages 

26 

24 

i 

60 

Totals 

76 

68 

134 


X- = 0 723 P = 0 39D 


The difference in the rates is not significant This is what vould have bee 
expected because the case mortality rates in the two groups of Milage's approxirna 
much more to each other in class I than in class II and, therefore, the combina o 
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of the figures of flic Wo classes tends to obliterate rather than accentuate the 
difference in class IT 

From Table XTII it may be seen that the attack rate, m the case of classes 
I and II, was definitely higher m the case of the ’phaged villages than in the case of 
the non- ’phaged ones 

Table XV 

Comjtunson of the rales of attack foi classes I and II in the 
’jdiagtd and non-'jihagcd milages {combined fgnies 
of classes I and II) 



Not 

attacked 

Attacked 

Totals 

’Pliagcd villages 

2,485 

84 

2,569 

Non phaged villaaea 

2,729 

50 

2,779 

Totals 

5 214 

134 

5,348 


=: 11 817 

Foi = 10 0, P = 0 00157 


Therefore for the higher value of 11 817 of the value of P is very much less 
The attack rate of the ’phaged group of villages is significantly different from that 
of the non- ’phaged group as regards the combined figures of classes I and II 


’Phaged versus non- -phaged milages 


Class ! 

1 

I Attack rate ^ 

Cose mortality rate 

I and IT 

1 

Significant difference 

No significant difference 

III 

No significant difference 

Sigmficnnt difference 


Table XI shows that the mean period of duration ot the epidemic m the ’phased 
villages, before class III was reached, was definitely higher than in the case of the 
non-’phaged villages If we make the assumption that the attack and case mortality 
rates are functions of the period of prevalence of the epidemic m both groups of 
villages the results shown above become understandable The attack rates of the 
’phaged and non-’phaged villages, nhich started uith a significant difference tended 
to approximate to each other bj the tmie the bacteriophage operations ’started 
while the moitahty rates, winch at the beginning shoved sufficient closeness to 
each other, diverged to such an extent as to pioduce a significant difference m claS 
III It would, theiefoie appear that the results of the statistical tests earned out 
could be explained on the basis of the periods of intensive operations 
synchronized vith different phases of the epidemic in the case of the twr|roups “ f 
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villages The action of prophylactic bacteriophage in regard to either case 
incidence or case mortality may have been of no significance If bacteriophage 
had any prophylactic value, the fall in the attack rate should ha\e been accelerated 
so as to produce a significant difierence m rates between the two groups of 
villages in class III If ’phage was responsible for reducing the mortality rate 
in class III of the ’phaged villages as against the non- ’phaged ones, the rates 
of Table VI (death rate per mille and of case mortality) should have been lower 
than those of Table VII, because the members of group II alone received effective 
doses of ’phage It may be seen that this is not so 

No defimte answei has been given to the question as to what the cause was of 
the lessened mortality in the case of the ’phaged population There is a suggestion 
that it might be due to the fact that class III coincided, in the ’phaged and non- 
’phaged villages, with different phases of the cholera epidemic prevalent in them 

Discussion 

It has to be emphasized that the figures dealt with m this report are small and 
that, therefore, it is unsafe to draw defimte conclusions. The figures have been 
carefully checked and are reliable Trom the experience that we have had hitherto, 
it has been brought home to us that field experiments with bacteriophage bristle 
with difficulties especially when ’phaging by oral administration has to be carried 
out from day to day in villages, whose water-supply is not from properly constructed 
wells Further, constant and vigilant inspection of the work is essential if the 
experiments are to be properly conducted and the records correctly maintamed 
Unless an adequate and well-trained staff is available the data collected will not be 
reliable Under the circumstances large scale experiments are difficult both from 
the administrative and financial points of view It would, therefore, appear that, 
even in subsequent experiments, only small figures may continue to be available 
However, if bacteriophage is at all useful m combatmg cholera, the results of 
repeated senes of experiments should show a defimte trend, though the figures for 
any one set of experiments might prove inconclusive 

Lastly, I would agam mvite attention to what I urged from the very beginning 
of these experiments m August 1933 m West and East Godavari In field experi- 
ments there are numerous variable factors whoUy beyond our control Wliy shoilld 
we add to them by introducing inoculation as another variable factor m our ’phaged 
and control villages It was stated at the time (August 1933) that it was^enough 
for us to ensure that about the same proportion of the populations in the ’phaged 
and control villages was moculated durmg the course of the epidemic ^ W 
opinion this would not suffice In a village of about 360 population the Health 
staff might, on the day of first visit, inoculate all the available persons, about 2 
or 260 In another village, with a population of 2,000, the moculation ^ ^ 
spread over ten or twelve days m daily numbers rangmg from a hxmdred to a hundre 
and fifty Cases like this did occur m the Godavari districts, though not in JNor ^ 
Aicot Could It be claimed that the position of the two villages was the same 
If anti-cholera inoculation is effective agamst cholera and, if the prevalence o 
an epidemic is dependent on the upsettmg of the balance between the 
infection and protection present m the commumty, the condition of the o 
village, with a large proportion of its population moculated in a single day, poss y 
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early m the epidemic, must be different from that of the latter Under the condi- 
tions in which these experiments must be conducted in the villages, it is not possible 
to avoid the occurrence of what has been stated above I have already mentioned 
that large scale experiments arc impossible both from the standpoint of adequate 
supervision and of funds At present, tlie District Health Officer has, along with 
his other duties, to carry out the supervision of these experiments The idea, 
therefore, of beuig able to secure a large number of experimental villages during 
the same cholera epidemic, so as to smooth the variations due to differences in 
inoculation, is to my mind not likely to be realized I do not think it safe to combine 
the figures of different cholera epidemics, because it will, I think, be an attempt 
to combine dissimilar experiences I would, therefore, urge that the experiments 
be carried out m three groups of villages, (1) a group in which only sanitary measures 
would be carried out, (2) another m which these measures would be combined with 
inoculation and (3) a thud m which sanitary measures would be accompanied by the 
admmistration of bacteriophage, to the exclusion of moculation Such a series of 
experiments would yield us data by which to measure separately the value of 
bacteriophage and of anti-cholera inoculation as well as to gauge the relative value 
of the two m combating cholera 

The field experiments with bacteriophage uere started m West and East 
Godavari m August 1933 by Major A M V Hesterlow, IMS, who was then acting 
as the Duector of Public Health, m close collaboration with Lieut -Colonel 
H H King, IMS, Duector, King Institute, Gumdy At theu request the Indian 
Eesearch Eund Association made a grant of Rs 2,000 for these experiments As the 
work m the Godavari districts was found to be unsatisfactory, the experiments were 
stopped and practically no portion of the grant was spent m the Godavari districts 

Work was again started m North Arcot m November by Lieut -Colonel Webb, 
the Director of Public Health, on his return from leave, m consultation with Lieut - 
Colonel King who continued, throughout, to help the Public Health Department 
with his advice and guidance 

I have also to mention that Mr C N Nayagam, the Statistical Assistant of tins 
Department, was throughout associated with me m the compilation of these fioures 
from the registers and the preparation of this report ° 


Conclusions 

On the figures available the following conclusions are reached 

1 Prophylactic adimmstration of bacteriophage m the manner indicated aboi'e 
has not been shown to be effective m reducing the rate of attack from cholera 

2 A reduction m the rate of mortality of the ’phaged as against the control 
villages IS noted There is a reduction m the case mortality rate as well as m that 
of the populations at risk 

Eor reasons discussed at length, the fall m the rates has not been defimtelv 
ascribed to any particular cause There is a suggestion that, as class III related to 
different phases of the epidemic m the case of the ’phaged and non-’phaged viUanes 
this fact might explain the fall m the mortality rates ° ’ 

3 As regards the value of bacteriophage and of nrodiarrhrP!, 
curative agents it has not been shown that the one is more^useful than tSfthS: 
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CLAbSIPICATION 

OF ATTACKS 

4ND DEATHS 


Name of village 

Periods 
of preva 
leneo 
(in days) 

Total 
Geolts 1 

TO IV 

Geoup I 
Amoeo the 
’ rilACED 

AND 

INOCULATED 

Geoup II 
Among the 

’iHAGED 

ONLY 

Geoup UI 
Among the 
INOCULATED 
ONLY 

A* 


Death rate per 
cent of attack 

A* 

D* 

Death rate per 
cent of attack 

A* 

D* 

Death rate per 
cent of attack 

A* 

ir 

Death rate per 
cent of attack 

1 Melv at dy ana m 
Kuppnm — 





1 

1 







■ 

Class I 





■ 

I 







■ 

11 

16 

10 

3 

30 

■ 








H 

Classes III and IV 

11 

4 

1 

25 

1 

1 


4 

1 

25 



I 

2 Sengah Kuppam — 





1 








■ 

Class I 

11 

4 












» 11 














„ ni 

24 

4 






4 






„ IV 

14 

2 






2 






3 Chin nadamal 
Cheruvu — 














Class I 

2 

3 

3 

100 










„ TI 

9 

7 

3 

42 9 










Classes III and IV 

4 

6 

1 

1C 7 




3 

1 

33 3 

1 



4 Tuthipet — 














Class T 

9 

15 

8 

53 3 










„ n 














Classes III and W 

14 

8 






5 







* A represents attacks 













DIX 


^aclcriopjiaqc in North Aicol District 


I’OPLTI VTIONS AT RI‘^K (DAIIA AAEPAGI.S) 


Gnonr IV 
AMOt.Q ^OT 
’rnAorn 

ASD ^OT 
iNocor ATrn 




h 

O 

O4 U 
e 3 

A* 

D* 

Ui •*- 

w 



C 



0 « 

P 

10 

3 

10 


100 

43 


15 


53 3 


I 


Gnoor I 
Tjir 'rnAQi u am> 

INOOOUlTril 


3 

o 

Cj 


m 


11 


« C 


Group II 
Thf ’phaoed 


CRorr III 
I The inocut \tep 


X • 

e 

o 

p 


70 


c. 

o 


53 C 
3 


195 


270 

270 


337 


0 02 0 005 


15 

08 


0 q 


03 


1 i(> 


_a 

”3 

a, 

o 

ftj 


s 

c3 

M 

C 

g E 


GnoBP n 
Given neither 

’rilAOE NOR 
VACCINE 


& 

o 

p 


o C 
ei a> 

1“ 


3 o 

g O 

p 


33 3 


10 


205 


4 9 ' 1 


273 


1 5 


427 

0 7 

0 7 

423 

1 0 

07 

184 

1 1 



170 


37 


84 


8 1 


anil U deaths 
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CLASSIFICATION OF ATTACKS AND DEATHS 


Name of village 

Periods 

Total 

G HOOPS I 

TO IV 

Gboop I 
Amokq the 

’PHAGED 

AND 

INOOtTLATEIi 

Gnoop II 
Among the 

’PHAGED 

ONLY 

Group III 

A.MONO THE 
INOCXTLATED 

ONL\ 

of preva- 
lence 
(in days) 

A* 

D* 

Death rate per 
cent of attack 

A* 

D* 

Death rate per 
cent of attack 

A* 

D* 

Death rate per 
cent of attack 

A* 

1 

D* 

Death rate per 
cent of attack 

6 Pana nth op nr 
{hamhl of Rama 
naiclenpet ) — 

Class I 






1 








.. 11 

28 

23 

6 

26 1 


1 





1 



Classes III and IV 

7 

2 



1 

1 








6 Subbaman Kup 
pam — 

Class I 

7 

14 

8 

57 1 










» TI 

G 

6 

2 

33 3 










„ III 

19 

6 






5 






» IV 

14 

5 






4 






7 Guddnr (hamlet of 
Vadallupei ) — 

Class I 














„ 11 

16 

3 

1 

33 3 










Classes III and IV 

11 

1 






1 






Totals — 

Class I 


36 

19 

62 S 






1 




» n 


49 

15 

30 6 







1 



„ in 


31 

2 

65 

1 



22 

2 

9 1 

1 


1 

„ IV 


28 

2 

7 1 

1 



19 

2 

105 

1 


nss 11 


I I f I 1 I J > ' » -Jl 

N B —Figures in class I refer to the penod before health staff visited the v illng^c " 

^ of bactenophage, and class IV 0 w 

* A represents attacKS 
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Gnonr IV 

AMO^O 
’nivoro 
AND NOT 
INOOtTLATm 


POPULATION AT RISK (DAILY AVERAGES) 


Gnovir I 

The 'rnAQED and 

INOOUDATED 


Grodp II 

The ’riiAGFD 
ONE\ 


3G I 19 52 8 
48 I 15 81 8 


289 0 3 

289 0 3 


Group III 

The in OC ORATED 
ONLY 


51 20 

25 




161 13 6 3 7 
47 2 1 


360 3 0 2 2 

852 1 7 0 6 

39 2 6 

50 2 0 



£ 
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w 
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1 2 
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non'Bindo^ 

— 
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82 

86 

1 

1 ® 

' ^ 

U 

b 

o 

:^U 8 D 

J 9 d Q%VX XI^TJad 
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te? 

W*-l 

1 

iioiccGindoj 

77 

70 

70 

32 

32 

•r ^ 

K p g 

p ® 1 
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* 
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Statement III 


Number of consecutive 
days of administration 
of prophylactic ’phage 
just prior to tho date 
of attach 

Number of 
crises 

1 dose 

4 

2 doses 

4 

d „ 

3 

4 „ . . 

2 

6 „ 

2 

0 ,1 . • 

1 

f .1 

1 

1 

10 M . • 

1 

11 „ 

1 

12 

2 

21 „ « 

1 

24 , •- 

1 

Total oases 

23 
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The study of the anterior lobe of the pituitary and its secretion has come 
into great prommence m recent years, especially after the discovery of the presence 
m the gland, at certam periods, of a hormone stimulatmg to activity the follicles of 
immature ovaries The work so far done has been confined chiefly to this sex- 
stimiilatmg factor The object of the present investigation was to study the general 
effects produced by the admimstration of the extract contammg the growth- 
promotmg hormone 

All the experiments were done with cats weighmg, on an average, about 2 kilos 
The animals were anaesthetized by mjectmg a quantity of urethane equivalent to 
1 9 g per kilo body-weight of the anunals They were given their last feed about 
four hours previous to the admimstration of the anaesthetic and the experiments 
were conducted after a total starvation period of 24 hours 

The extract of the anterior lobe of the pitmtary used was prepared according 
to the method of van Dyke and Lawrence (1930) and 1 c c of the extract 
corresponded to 0 6 g of the desiccated gland The extracts were given 
mtravenously through the femoral veins of the animals The possibility that 
the experimental results obtamed might have been due to the presence of 
breakdown products of tissues was elmunated by means of controls with other 
tissue extracts 


Effect on blood-pressure and respiration —Very small doses of the extract of 
anterior pituitary, e g , 0 125 c c , raised the blood-pressure to a slight extent anrl 
produced a small decrease in the amplitude of respiration at the end of the 
pW W* 0 5 0 c of the etdtaet, there was a M of Hood'prelirfoSS 
J, MR ( 426 ) p “ 
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initial rise and a subsequent recovery The amplitude of respiration decreased as 
■witli the smaller dose One c c of tbe extract produced the same effect on blood- 
pressure as 0 5 c c , but tbe respiration m this case va*? sloivei than before and its 
amplitude was diminisbed botli duiing tbe expiratoiy and tbe inspiratory phases 
(Graph 1) Eespiiation almost stopped with 2 5 c c of tbe extract and recovery 
was very slow (Giapb 3) Aftei recoveiy, subsequent doses up to a total quantity 
of 13 c c to 15 c c were toleiated by tbe animal, piovided tbe injections were given 
slowly and gradually alloviiiK sufficient timcto elapse between one injection and tbe 
next But when 1 c c of tbe extract was given all at once as a single dose, tbe 
blood-pressure dropped down nearly to tbe zero level and there was cessation of 
respiration though tbe heart was still beatmg A few minutes after, tbe blood- 
pressure and lespiiation improved and fuitber doses of tbe extract given slowly and 
gradually produced a persistent rise of blood-pressure (Graph 2) When tbe animals 
bad bad more than 13 c c to 15 c c of tbe extract, they were seized by convulsions 
and died on account of respiratory failure There was no respiratory embarrassment 
when tbe extract was given after bilateral vagisection or after atropme 

Tbe spleen volume corresponded to tlie vaiiations in blood-pressure The 
intestinal volume was similarly affected Tbe movements of tbe plain muscles 
appeared to be inhibited to a slight extent 

Effect on blood sugar - — Tbe animals were starved as before for 24 hours before 
tbe commencement of tbe experiments Estimations of blood sugar were done by 
tbe micro metbod of Eolin modified by Herbert and Bourne (1931) Blood was 
taken fiom tbe left caiotid artery, tbe rigbt artery having been used for recordmg 
tbe blood-pressure After blood bad been taken for estimation of tbe normal value, 
a quantity of extract of anterior pituitary equiyalent to 6 5 c c per kilo body-weight 
of tbe cat was run slowly from a burette into tbe femoral vein Tbe time taken to 
rmi m 15 c c in tbis way was about 45 minutes Great care bad to be exercised m 
regard botb to tbe correct dose and rate of flow of tbe extract from tbe burette, 
as an overdose or a faster rate of flow was found to result in the death of tbe anunais 
due to convulsions and respiratory failure Tbe sample of blood was taken for 
analysis of sugar fiom tbe left carotid artery after all tbe extract bad been allowed 
to flow m The results given below are representative of a series of experimen s 
done on a total number of 39 cats — 

Tbe value of blood sugar was found to have risen to nearly twice the normal 
figure after tbe administration of anterior pituitary extract 


i 

1 

Number | 

1 

1 Blood sugar 
[ before anterior 
j pituitary in mg 
! xier 100 c c of 
' blood 

1 

[ Blood sugar 
after anterior 
pituitary in mg 
per 100 CO of 
blood 

percentage of 
rise 

3770-1 

121 2 

222 2 

83 3 

3922-26 

85 0 

1 

165 0 

1 

94 0 
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Section of tlie vagi before aclmimstration of the extract was found to enhance 
the rise of blood sugar 


Numter 

i 

1 

Blood sugar 
before vagal 
section in mg 
per 100 c 0 of 
blood 

Blood sugar j 
after vagal 
section m mg 
per 100 c c of 
blood 

Percentage of 
nse 

3788-90 

44 0 

190 0 

331 8 

4011-15 1 

1 

70 0 

215 0 

207 1 


To determine to what extent vagal section alone could have been responsible 
for the increase of blood sugar, estimations were done of the blood sugar of cats 
with the vagi cut, but without being given the extract of anterior pituitary 
The results showed that there was a remarkable rise and, in some cases, the 
values obtained were actually gi eater than with the anterior pituitary alone 


Number 1 

Blood sugar 
before vagal 

Blood sugar 
after vagal 

Percentage of 
nse 

section in mg 

section in mg 


pel 100 c 0 of 
blood 

per 100 c c of 
blood 

226-8 

80 0 

222 0 

177 6 

4121-5 

32 0 

1 

210 0 

462 7 


The increase in the blood sugar produced by the administration of anterior 
pituitary extract alone was not apparent when it was mixed with an equal quantity 
of gonadal extract of the same strength, i e , 1 c c corresponding to 0 5 g of the 
desiccated gland The gonadal extracts used in these experiments were prepared 
by the methods described by Allan et aZ (1928) and Dodds et al (1930) 


1 

j 

Normal blood 

1 Blood sugar after adminis- 
tration of the mivture 

Number 

1 

i 

siigai in mg 
per 100 c c of 
blood 

1 of anterior pituitarj 

1 and gonadal extracts 
m mg per 100 c c 

1 of blood 

3875-G 

1110 

j ICC 0 

3905-7 

185 0 

174 0 


The amount of the mixture given was calculated to contam the same quantity 
of anterior pituitary extract as when determmmg its effect on the blood sugar 
The sex of the experimental animal should be borne in mind in choosmg the gonad 
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as any mistake m tins respect would result in a rise of Wood sugar, as was the 
case when a mixture of orchitio and anterior pituitary extracts raised the bleed 
sugar from 0 085 to 0 263 per cent in a female cat 

Extract of the sex gland alone was found to effect an unmistakable lowering of 
the blood sugar that had been raised above noimal by the prior administration of 
anterior pituitary extract 


1 

1 

Number 

1 

Normal blood 
sugar in mg 
per 100 c 0 of 1 
blood 1 

Blood sugar offer 
admimstratiou 
of antenor pitui- 
tary extract in 
mg per 100 c c 
of blood 

Blood sugar after later 
ndministrotion of 
gonad extract in 
mg per 100 c c 
of blood 

1 

1 

3943-5 j 

64 0 

1 

200 0 

139 0 


It was also observed that administration of gonadal extract alone reduced the 
blood sugar below normal 


Number 

Normal blood 
sugar in mg 
per 100 c 0 of 
blood 

Blood sugar after 
gonadal extract in mg 
per 100 c 0 of blood 

1 

368-9 

106 2 

37 89 

1 


This fall was not noticed when the vagi were cut or after atropinization Id 
these cases, mstead of the blood sugar dimmishmg there was, on the contrary, an 
actual rise as will be seen from the following results — 



1 

1 

1 

Normal blood | 

Blood sugar after vagal 
section and adminis 

Number 

sugar in mg 
per 100 c 0 of 
blood 

tration of gonadal 
extract in mg per 100 
c c of blood 

162-3 

78 0 

1 

126 0 


1 

i 

1 

Number 

Normal blood 
sugar in mg 
per 100 CO of 
blood 

Blood sugar after 
atropinization and 
administration of 
gonadal extract in mg 
per 100 c c of blood 

337-8 

90 0 

126 0 
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As tlie admimstration of gonadal extracts was always accompanied by con- 
vulsions and outflow of urine, blood for sugar estimation was taken long after tbe 
convulsions bad ceased, to exclude possible errors on tbis account If tbis precau- 
tion were not observed, tbe effect of tbe gonadal extract m lowering tbe blood sugar 
might easily be overlooked altogether Further, tbe animals to be used for these 
experiments should be neither pregnant nor lactating ones, as results obtamed with 
these were found to be mvanably uncertam and unreliable 

Smce hypoglycsemia has been known to be associated with deficiency of 
adrenalme (Rabmovitch and Barden, 1932), to test whether the hypoglycremia 
so produced would counteract the rise of blood sugar due to administration of 
anterior pituitary extract, the supra-renal veins were ligatured before givmg the 
extract and blood analysed for sugar-content as before As will be seen from the 
results cited below, instead of the expected fall there was, on the other hand, a 
tendency towards a rise of blood sugar 


Number 

Normal blood 
sugar in mg 
per 100 c 0 of 
blood 

Blood sugar after 
ligatunng the supra renal 
veins and administration 
of anterior pituitary 
extract in mg per 100 

0 c of blood 

247-8 

90 0 

111 0 

312-3 

143 0 

163 0 


The absence of hypoglycsemia even after ligaturmg the supra-renal veins is, 
therefore, clear evidence that the anterior pituitary has a marked hyperglyoaemic 
effect independent of the secretion of adrenalme 

In order to find out the effects of the extracts of the anterior pituitary and the 
gonads on the vagal centre, the latter was tested for its response to electrical 
stimulation before and after the admmistration of the extracts In the case of 
the anterior pituitary extract it was observed that the central end of the sectioned 
vagus required a greater strength of current to produce the same effect on blood- 
pressure and respiration (Graph 4) On the contrary, gonadal extracts mcreased 
the sensitiveness of the vagal centre to electrical stunulation (Graph 6) 


Discussion 

The correlation of the disturbances m the blood sugar values with variations in 
the functional activity of the anterior lobe of the pituitary is clearly seen in the 
clmical conditions mvolvmg the gland, such as gigantism, acromegaly, Simmonds’ 
disease, etc The influence of the anterior pituitary gland on blood sugar has been 
shown by Houssay and Biasotti (1931) who found that depancreatized toads ceased 
to show diabetes after removal of the anterior lobe oi the hypophysis but that 
diabetes reappeared on transplantmg the lobe or by mjectmg its extract Results 
of a simdar nature have been recorded by Houssay, Biasotti and Rietti (1932) who 
were able to induce sjTnptoms of diabetes by mtraperitoneal mjections of anterior 
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pitmfcaij’- lobe extracts in normal rats and dogs Tlie results now obtamed by us 
by means of experiments on cats also show definitely that intravenous mjections 
of the extract of the growth-promoting factor of the anterior pituitary produce 
maiked hyperglycaemia The observations of previous w orkers (Lepme, 1931 , 
Emmanuel, 1931) that the actions of the anterior pituitary and the gonads were 
antagonistic in certain respects led us to determine the effects of the gonadal extracts 
on blood sugai and the results olitaincd showed that injections of the extracts 
in anaesthetized cats were accompanied by a low'ering of the blood sugar below 
the normal 

The suggestion tliat the efi:ects of the anteiior lobe of the pituitary on blood 
sugar might be due to its influence on the supra-renal glands seems to us untenable 
in view of our findings after ligatuimg the supia-ienal veins That the effects of 
the extracts of the anterior lobe of the pituitaiy and the gonad were due more to 
their actions on the vagal centie seemed possible in the light of the values obtained 
for blood sugar after section of the vagi or atropmization The idea that the 
hyperglycasmiG effect of the anterior pituitary extract is due to its depressant action 
on the vagal centre and that the opposite effect produced b} the gonadal extract on 
the blood sugar is the result of the stimulation of the vagal centie has found support 
in the experimental results relating to the excitability of the vagal centre to elec- 
trical stimulation 

In further trymg to determine the mode of action of the anterior pituitary on 
the vagal centre, we have been able to obtain indications to show that the depression 
of the vagal centre is biought about tluough the intermediation of the thyroid 
gland The work is being continued and the details wnll be published separately 


Summary 

1 Injections of anterior pituitary extract into cats in single doses of 1 c c , 
corresponding to 0 5 g of the desiccated gland, reduce the blood-pressure almost to 
zero and produce respiratory failure If the quantity is given slowdy and gradually) 
there is an initial fall of blood-pressure follow'ed by a marked and persistent rise and 
the animals can survive doses up to 15 c c If this amount is exceeded, the animals 
die of convulsions and respiratoiy failure 

2 The extract increases the blood sugai to nearly twnce the normal value and 
this rise is enhanced by vagisection or atropmization 

3 Vagisection oi atropmization also produces m cats a rise of blood sugar 

4 Gonadal extracts reduce the blood sugar and counteract the rise due to 
administration of anteiior pituitary extract , this effect is not observed after 
vagisection or atropmization 

5 The vagal centie is made more sensitive to electrical stimulation by the 
administration of gonadal extract, whereas anterior pituitary extract has c 
opposite effect and it is less sensitive to electrical stimidus 

6 The hypeiglycaemic effect of anterior pituitary extract has been showm to 
be the result oi its depressant action on the vagal centre 

7 The mode of action of the anterior pituitary lobe on the vagal 
under investigation and results obtained so far indicate that the depressan ac 
of the lobe may be due to the stimulation of the thyroid gland. 
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We are greatlj Judebted to Dr A S Macaady Ua jar, Professor of Bjocbertustry 
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Tylopliora asthmaUca, Wight et Arn , is a perennial, branclung climber 
with long, fleshy roots, belonging to the natural order Asdepiadacece It 
grows wild in plains forests, and in hilly places up to an elevation of 3,000 feet 
above sea-level, throughout Eastern and South India, Assam, Burma and the 
Deccan The common English names of the plant, Indian ipecacuanha, asthmatic 
and emetic swallow-wort, refer to its more important medicinal properties The 
early European medical practitioners m this country were so convinced of its 
virtues that in times of shortage of the true ipecacuanha they recommended the 
leaves and the root of this plant as a reliable substitute for use in the treatment 
of dysentery It is an important drug of the Indian materia medica and is used 
extensively m indigenous medicine as an expectorant, emetic and anti-dysenteric 
Hooper (1891) showed the presence of a crystalline alkaloid m the roots of 
Tylophora asthmatica and described some of its characteristic colour reactions but 
the quantity isolated by him was not sufficient for a complete analysis Brill and 
Wells (1917) examined the leaves of Tylophora brevipes, an allied qiecies indigenous 
to the Philippines, and reported the occurrence of an alkaloid resembling very closely 
the one previously found by Hooper in the roots of Tylophora astlmahca, but, 
apparently due to lack of material, they too were unable to characterize it properly' 
There is no other evidence in the literature of a thorough chemical examination of 
the plant or its constituents 

In view of the reports made by difierent observers that the drug could be used 
as an effective substitute for ipecacuanha, the present investigation was undertaken 

( 433 ) 
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The eruptions appeared on the skin a day after exposure The first symptoms 
were itchmg with subsequent redness On the face, the skm became red and the 
eyelids and surrounding tissues were markedly swollen There was exudation of 
serous fluid from the ciacks that had formed on the skin The symptoms continued 
for about a week and then gradually subsided Simultaneously, desquamation 
occurred m the form of small scales and large flakes of dried epidermis The condi- 
tion was relieved by moist compresses and the application of the usual soothing 
lotions Richards and Lynn (1934) have reported the occurrence of a dermatitis 
with symptoms similar to those described above due to contact with the leaves of 
Ceanothus veluhnits, also an alkaloidal plant though of a different family 


Experimental 

The material for this investigation consisted ol the root, stem and leaves of the 
plant and was collected from the forest area near Vandalur, which is 35 miles to the 
south of Madras 

Alkaloid — Examination for alkaloid by extraction with Prollius mixture gave 
marked reactions with the usual reagents 

Volatile substances — Steam distillation of 600 g of the powdered drug and 
extraction of the distillate with ether gave only a negligible amount of residue 
Preliminaiy examination — In order to have an idea of the amount of material 
extractable by solvents, 100 g of the powdered drug were extracted in a Soxhlet’s 
apparatus successively with petroleum ether, ether, chloroform, and 95 per cent 
alcohol, the residues dried at 100°C and weighed 

Per cent 


petroleum ether (40'’C to 60“C \ extracted 3 1 

Ether „ 14 

Chloroform „ 14 

Alcohol (95 per cent) „ 3 8 


For the purpose of a systematic examination, 1 kilo of the air-dried plant 
material was extracted m a continuous extraction apparatus u ith different solvents 
in succession and the residues obtained witli each of them were examined separatel} 
Petroleum ether extiact — Tests for alkaloid or glucoside were negative The 
residue was extracted with boiling 90 per cent alcohol and filtered hot On cooling, 
a gelatinous precipitate was deposited which was collected and rerrj stallized several 
times from alcohol A final crystallization from ethyl acetate gave colourless 
needles melting at 80°0 to SRC Yield 02 g The substance v\as identified as 
ceryl alcohol, C27H56O Found C 81 4, H 14 2 , C27H5GO requires C 
81 8, II 14 1 The acetyl deriv ativm melted at 64°C 

The alcoholic filtrate from above deposited a sparmgly soluble substance on 
concentration By tieatment with petroleum ether and alcohol alternately and 
after recrystallizmg fiom a mixture of alcohol and ethj 1 ucctate slender needles were 
obtained, M P 192°C to 193°C The crystals gav^e a t)-pical Liebennaun-Burchard 
reaction for phytosterols The substance could not be exammed further for lack of 
material. 
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* id cooling, a dirty-white precipitate was deposited which was not enough for proper 
entification It behaved like a wax as regards its solubility properties 

The alcoholic filtrate was further concentrated to 600 c c , and mixed with 
1 equal volume of ether The brown syrup that came down was separated from 
le supernatant fluid by decantation An aqueous solution of the syrup reduced 
ehling’s solution quite readily and gave a phenylosazone melting at 206°0 to 206°C 

* / also gave tests for potassium and chloride The presence of glucose and potassium 
iloride in the syrup was, therefore, mdicated by the above reactions 

The alcohol-ether mixture was evaporated to dryness and the residue, which 
id not give the test for alkaloid, was treated with hot water A dark-brown resm 
as left undissolved The filtered aqueous solution was treated with a 10 per cent 
ilution of lead acetate and the precipitate and filtrate examined separately after 
moving lead m the usual manner The aqueous solution obtained by decomposing 
-be lead precipitate was concentrated and extracted with ether Evaporation of the 
Iried ether solution left a deep-yellow residue givmg typical reactions of flavones 
in alcoholic solution of the substance gave a dark-green colour with alcoholic ferric 
yhloride solution It was coloured deep red with concentrated nitric acid, and with 
Concentrated sulphuric acid gave an orange solution It dissolved in aqueous 
Modium hydroxide to give a dark-red solution- 

The brown aqueous solution that remamed after shaking with ether contained 
chiefly tanmns as was mdicated by the following reactions dark-green precipitate 
with ferric chloride, dark-brown precipitate with potassium dichromate and a 
greyish-yellow precipitate with gelatine-salt reagent 
' The solution obtained after removing excess of lead from the filtrate of the lead 
icetate precipitate contained chiefly glucose and potassium chloride No crystalline 
substance could be separated from the thick syrup left by evaporation under reduced 
pressure 

ffot water extract consisted mainly of mucilage and calcium salts 

Dilute hydrochloric acid extract contained calcium sulphate but gave no reaction 
for alkaloid 

Assays for alkaloidal content — ^The powdered parts of the plant were analj sed 
separately for alkaloidal content by a gravimetric method based on the U S P IX 
method for assay of Belladonna root, using as the solvent a mixture of three volumes 
' of chloroform to one volume of ether The results given below are the averages of 
three determinations It was found that there were no appreciable differences m 
the alkaloidal contents of the different parts of the plant and that seasonal variations 
did not very much afiect the yield of total alkaloids — 

Percentage content of 
total alkaloids 


Leaf 0 21 

Stem . 0 24 

Root 0 29 

Whole plant gathered in November 1932 0 30 

, „ Febmarv 1933 0 24 

„ Jnne 1933 0 2G 

„ Decomhcr 1933 0 29 
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Isolahon and 'pni ificalion of the allaJouh — Fom teen 4 ilos of the disintegrated 
plant matoiial wcic extinct eel byrold pe/col.ition nitli D!) per cent alcohol containmg 
2 per cent acetic acid till the jicicolato ^'a^e no reaction foi alhaloid with Mayer’s 
reagent The alcoholic extinct w'as noarlj nciitrnli/cd %\’th ammonia and the 
solvent distilled off first at ordinaiy and then under reduced pressure The residue 
was repeatedlj' heated with 2 psi cent solution of sulphuric acid to dissolve out the 
alkaloids To the filteied solution cooled in ice, ammonia was added till the mixture 
was only faintly acid to litmus The filtrate from the resinous deposit was strongly 
cooled, made distinctly alkaline with 15 pei cent ammonia and shaken with 
chloiofoim About 3 litres of tlie solvent were required to extract the alkaloid.'' 
completely The chloiofoim extiacts wore washed with distilled water and the 
alkaloids taken out again by shaking wuth 2 percent solution of sulphuric acid 
The acid solution was extracted with ether to remove non-basic impurities and the 
alkaloids regenerated by tlie addition of ammonia to the cooled aqueous solution 
The precipitate wuth tlie solution wxas shaken wuth chloiofoim the extract 
washed with distilled w^atcr and dried over sodium sulphate On distilling off 
the solvent under reduced pi essuie at a tempeiature not exceeding 50 °C , a clarh- 
brown precipitate w'as obtained (1 5 g ) By washing with cold acetone the colouring 
lurities wmre removed and the alkaloids remained undissolved On filtering 
jg, the alkaloiclal mixture was obtained in the form of a dirty-white 
'(12 g) 

•Tyloplionne — The alkaloidal mixture was dissolved in the smallest possible 
iintity of dry chloroform and an excess of ether (about 4 times the volume of 
loroform was found necessary) added till there wxas no further precipitation The 
light-yellow precipitate was filteied, washed with ether and dried (8 g ) The dried 
powder was extracted with boiling benzene (3 litres) and filteied hot The benzene 
solution was then decolorized with animal charcoal and the hot filtrate concentrated 
under reduced pressure to a volume of 1,000 c c On gradual cooling thin colourless 
plates were thrown down which were filtered off and dried on a porous plate in a 
dark place, M P 275°C (decomp ) A further crop of crystals, M P 273 C to 
274°C , was obtained by concentrating the mother liquor Total yield 5 0 g 

The crystalline base obtained by the above described process was converted 
into the nitrate by digesting witli a slight excess of a 5 pei cent solution of nitric 
acid in alcohol The mixture was warmed on the watei-bath and the crystalline 
precipitate so produced was recrystallized from hot water when colourless, stout, 
rod-like crystals were formed, M P 260°C The alkaloid was liberated from the 
nitrate and crystallized once again from benzene when glistening plates contaim^ 
one molecule of the solvent of crystallization were obtained, M P 284°C to 28o V 
Yield 4 5 g Found C 76 12, H 7 18, N 3 38 C24H27MO4 CcHc requires 

G 76 38, H 7 06, N 3 38 

After drying in vacuum at 100°C over paraffin and P2O5, crystals of Tylopho- 
nne gave the following values C 73 05, 73 74, H 7 00, 6 94, F 3 72, 3 48 
C24H27NO4 requires C 73 24, H 6 92 and N 3 56 Molecular weight 
by the ebullioscopic method using benzene as solvent 382, 376 , calciua c 
forC24H27N04 393 

Methoxyl value * Found 29 46 per cent, 30 34 per cent , calculated for 4 
OMe groups 31 56 per cent 
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Tylopliorine was easily soluble in cliloroform but only sparingly so in alcohol, 
acetone, etlivl acetate and ben'zene In boiling benzene, however, it was more 
soluble It -^as practically insoluble in ether On exposure to light, as also on 
treatment with hot solvents, it became yellow A solution of the alkaloid in dilute 
sulphuric acid gave the following reactions with alkaloidal reagents Mayer s 
reagent yellowish -white, curdy precipitate , Kraut’s reagent bright orange-red 
precipitate , Scheibler’s reagent heavv, white precipitate , Wagner’s leagent 
dark-brown precipitate , Silicotungstic acid white precipitate 

Tylopliorine hydiochlonde — It was obtained in the form of colourless, shining 
needles by adding a concentrated solution of potassium chloride to a neutral solution 
of the alkaloid in dilute sulphuric acid solution The crystals were washed well 
with 70 per cent alcohol to remove excess of the precipitant and dried on a 
porous plate, M P 261°C (decomp) Reciystallization was not carried out because 
the substance became coloured on treatment with hot water or alcohol The air- 
dried crystals on drying at 100°C in vacuum over P2O5 lost 18 82 per cent , 
C24H27NO4HCI 5^H20 requires loss of weight 18 74 per cent Found for 
dehydrated substance C 66 57, H 6 56, K 3 26, Cl 8 17, C24H27NO4 
HCl requires C 67 02, H 6 57, N 3 26, and Cl 8 25 

Tylophorine hydrochloride was only sparingly soluble in cold water, alcohol or 
acetone but more soluble m the hot solvents It was also soluble in boiling chloro- 
form in which it gave a deep-yellow solution ' i_ 

• Tylophorine nitrate was prepared by digesting Tylophorine with hot 5 per cent 
solution of nitric acid in alcohol and recrystallizing the crystalline substance so 
obtained fiom hot water It separated from concentrated solutions in short, stout 
needles and from dilute solutions in long, thin needles, containing HH2O, M P 
260°C to 261°C (decomp ) The air-dncd substance lost 6 04 pei cent on drying 
in vacuo at 100®C over P2O6 C24H27NO4HNO3 1^H20 requires loss of weight 
5 59 per cent Found for anhvdrous substance N 5 64 , C24H27NO4 HNO3 
requires N 6 14 

Tylophorine sulphate — This was prepared by dissolving the base in a slight 
excess of a 6 per cent alcoholic solution of faulphuric acid and adding ether to slight 
turbidity On keeping at a temperature of 6°C overnight, rosettes of colourless 
needles were obtained, M P 268°C to 269°C (decomp ) It was quite readily 
soluble in cold water and only sparmgly in alcohol or acetone 

Tylophoiine platinichloride was precipitated as an orange-yellou powder by 
adding a solution of platinichloride to a solution of Tylophorine in warm, dilute 
hydrochloric acid It was not soluble in dilute hydrochloric acid alcohol or 
acetone and could not be obtained in crystalline form On heating, it charred 
with frothing at 247°C to 248°C Found Pt 16 69 , (C24 H27N04)2 Ho Pt Ch 
requires Pt 16 31 

Tylophorinine — The ether-chloroform filtrate and washings from the precipitate 
of Tvlophorine were shaken with dilute sulphuiic acid to remove the alkaloid The 
combined acid solution was stronglv cooled in ice and excess of 15 per cent ammonia 
added to precipitate the base The precipitate was dissoh ed by shaking v ith ether 
repeatedly till the ether solution gave no reaction for alkaloid The erfracts were 
washed with distiUed water and the ether was allowed to e^apo^ate spontaneously 
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in a dark place wken colourless, thin needles were deposited on sufficient concentra- 
tion After repeating the process two more times, prismatic needles, melting with 
decomposition at 232°C to 233°C , w'ere obtained Yield 1 6 g The crystals lost 
on drying at 100°C. in vacuo over PaOs 2 01 per cent which would signify the 
presence of ^20 of crystallization C23H27NO4 ^H20 requires loss of weight 
2 31 per cent Pound for dehydrated substance C 72 00, H 6 69, N 4 39 
Calculated for C23H27NO4 C 72 41, H 7 14, N 3 67 Pound methoxyl 
value 24 63 per cent 3 OMe requires 24 43 per cent 

Tylophorinme was sparingly soluble in cold alcohol, acetone, benzene and ethyl 
acetate and more soluble in the hot solvents Chloroform dissolved it quite readily 
and it was moderately soluble m ether when freshly precipitated On exposure to 
ight or on treatment with hot solvents it turned slightly coloured With alkaloidal 
reagents it behaved just like Tylophorine 

TylopJionmne Jiydrochlonde was deposited in the form of long, colourless needles 
on adding strong hydrochloric acid to a nearly neutral solution of Tylophorinme in 
dilute acetic acid and keeping for some time at about 10°C A concentrated solution 
of potassium chloride was also found to precipitate the hydrochloride in crystalline 
condition The crystals were filtered on a funnel with sintered glass septum, 
washed well with cold water and dried in air The substance became coloured on 
heating, sintered at 248°C , and melted with decomposition at 261°C to 262°C 
Pound loss of weight on drying at 100°C m vacuo over P2O5 6 69 per cent 
C23H27NO4 HCl 1^H20 requires loss of weight 6 07 per cent Pound for^ 
dehydrated substance C 65 61, H 6 65, N 3 37, Cl 9 02, C23H27NO4HCI 
requires C • 66 09, H 6 76. N 3 35, Cl * 8 48 

Tylophonnine nitrate prepared from a mixture of alcohol and ether foimed 
a cream coloured microcrystalline powder melting with decomposition at 206°C in 
206°C 

The optical rotations of the alkaloids could not be measured as sufficient light 
did not pass through the solutions for observations 


Colour reactions — 



Tylophonne 

Tylophonnine 

Concentrated sulphuric aoid 

Red, violet and dirty green 
finally 

Dark-brown, red, violet and 
bluish green finally 

Concentrated mtnc acid 

Brown and then enmson 

Brown and reddish brown 

Concentrated hydrochloric acid 

Pale violet disappeanng after 
some time 

No change 

Froehde’s reagent 

Red, violet, green and dirty- 
green finally 

Dark brown, red, green and 
violet finally 

Erdmann’s „ 

Deep*violet, leaf green and darK- 
brown after half an hour 

Brown, dark green, hliii'h green 
and dirty-brown finally 
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The combustion values leported in this paper are the results of microanalyses 
by Dr Ing A Schoeller of Berliin 


Summary 

1 Tylo'phora asthmaitca, Wight et Axn ,has been found to contain the follow- 
ing constituents Ceryl alcohol, a phytosterol melting at 192°C to 193°C , a 
substance of an alcoholic nature, M P 89°C to 90°C , wax, caoutchouc, resins, 
chlorophyll, tannin, a flavone colouring matter, glucose, potassium chloride, 
calcium salts and two crystalline alkaloids 

2 The alkaloids have been named Tylophorine and Tylophorinine The 
method of isolation and some properties of the alkaloids are described Analytical 
data indicate the formula C 24 H 27 NO 4 foi Tylophorine Tylophorinine has been 
assigned the provisional formula C 23 H 27 NO 4 , 

3 The leaves, stem and root of the plant contain 0 2 per cent to 0 3 per 
cent of total alkaloids The alkaloidal content does not seem to be very much 
affected by seasonal variations 

4 The alkaloids may produce a troublesome type of dermatitis, the symptoms 
of which have been described 


Akata and Gelzee (1891) 
Beill and Wells (1917) 
Chopra (1933) 

Hoopee (1891) 

Richards and Lynn (1934) 
Wehmer (1931) 

WiNTEESTEiN and Teiee (1931) 
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NUCLEAR DIVISION IN MALARIAL SPOROZOITES 
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Whilst working on the limits of atmospheric temperature and humidity 
under which Anopheles slephensi transmits malaria, we were repeatedly puzzled 
by certain appearances m sporozoites seen in films from infected salivary glands, 
fixed by methyl alcohol and stained by Giemsa’s stain These appearances 
suggested the occurrence of nuclear division m the sporozoite, and are shown 
diagrammatically m the Text-figure and in the photomicrographs in Plate XX 
Emally, being convinced that these appearances represented a real phenomenon 
and not an artefact, we kept a careful record of them 

The appearances seen fall into five types, as follows — 

Type 1 Normal sporozoites with a single chromatm mass 

Type 2 Sporozoites showmg the chromatm in process of division A 
much reduced tiny chromatin blob occupies the centre of the 
sporozoite, whilst on each side of it lies an elongated deeply 
stainmg bar of chromatin In addition there appear to be 
minute and hazi chromatm grains ( ’ degeneratmg chromatm) 
m the cytoplasm 

Type 3 Here the nucleus of the sporozoite is clearly dividing into two 
the ‘ dumb-bell type ’ 

( 443 ) 



444 


Nucleai Division in Malanal Sporozoites 


Type 4 The chromatin has divided and two clearly separated nuclei 
' are visible 

Type 5 One of the chromatm grains has divided again and tliree clearly 
separated nuclei are visible 



1 Kormal. Chromatin a single mass. 



Type 2 Chromatin diyrding, elongated and (diffuse. 



Type 5 Chromatin dividing, dumbell type 



Type 4 Chromatin divide d,two separate nuclei 



Type 5 Chromatin divided, three separate nuclei 


Text riauBE — Types of nuclear division in malana sporozoites 


These appearances, which were all seen in Anopheles stephensi, occurred 
under the following circumstances — 

(i) Plasmodtum vivax — A. batch of A stephensi was fed ^ 
showing 1,120 gametocytes of P mvax per c mm of blood, and kept for y 
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lu the air-conditioning cabinet at 80°F and 80 per cent relative humidity The 
7 survivois were dissected on the 16th day, and 6 of them showed these aberrant 
types of sporozoites In the stained smears the distribution of types m 718 sporo- 
zoites was as follows — 


Type 1 
Type 2 
Type 3 
Type 4 
Type 5 


161 or 22 per cent 
489 or 68 per cent 
30 
33 
6 


(^?) Plasmodium falciparum — A batch of A siepjiensi was fed on a patient 
showing 320 gametooytes of P falciparum per c mm of blood and kept for 12 to 
13 days at 80°F and 60 per cent relative humidity The 47 survivors were then 
dissected Of these 19 showed sporozoites with nuclear division 

Two batches of A stephensi were fed on a patient showmg 1,440 gametocytes 
of P falciparum per c mm of blood and were kept for 14 days at 80°F and 70 
per cent relative humidity The 41 survivors were now dissected, and 3 of them 
showed sporozoites undergomg nuclear division 

A batch of A stephensi was fed on a patient showing 1,440 gametocytes of 
P falciparum per c m m of blood and kept for 15 days at 80°F and 80 per cent 
relative humidity The 89 survivors were then dissected , 3 of them showed 
sporozoites undergoing nuclear division 

A batch of A stephensi was fed on a patient showmg 1,280 gametocytes of 
P falciparum per c mm of blood, and kept foi 15 days at 80°F and 80 pei cent 
relative humidity The 17 survivors were then dissected , 4 of them showed 
sporozoites undergoing nuclear division 

In all, in these four experiments, 29 out of 194 infected mosquitoes (or 15 
per cent) showed sporozoites undergomg nuclear division In all, 2,981 sporo- 
zoites were encountered in the films from these 29 mosquitoes, and the distribution 
of types was as foUovs — 

Type 1 ],787 or 60 per cent 

Type 2 1,049 or 35 per cent 

Type 3 92 

Type 4 53 

Type 5 0 


Our attention u as now drau n (by Mr R Senior White, Malariologist, Bengal 
Nagpur Railvay) to a very important paper by Missiroli (1933), which appears 
to explain our findings Workmg with Culex fatigans and Plasmodium rehctum 
of bird malaria, this author inoculated doses of sporozoites from fresh dissections 
(r) intramuscularly, and (m) subcutaneously into birds The site of injection was 
then excised at intervals of from 5 to 30 minutes after the injection, the tissues 
teased out, films prepared and stamed, and then studied Sections were also 
studied Missiroli finds that after mjection of the sporozoite its nucleus divides 
into 4 or 5 daughter nuclei, which are distributed along the length of the sporozoite 
The sporozoite itself then divides mto a corresponding number of small rounded 
bodies consisting almost entuel} of chromatin with scarcely am visible cytoplasm 
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These apply themselves to the surface of the red corpuscles and presumably gro^ 
up into usual ring-trophozoite fonns 

As far as they go, our findings are in exact accord with those of Missiroli, bul 
ours are for human malaiia paiasitcs in A slcplicnsi 


Discussion 

The existence of more than one chromatin dot in malaria sporozoites has been 
described by several authors, but none of them, except Missirob, seem to consider 
it a finding of importance Ross (1923) in his Memoiis (p 291), in a letter to 
Mansou in 1898 describes the ‘ geiiuinal rods ’ seen by him Avhen woikmg with 
Oulex and Proteosoma as follows ‘ they taper towards each end and are therefore 
thicker in the middle In salt solution aftei a time tliey show one or more vacuoles 
in the middle part and become bent angularly They stain easily with Loefiler, 
Delafield, etc , and then show one or more chromatin granules towards the middle, 
between the vacuoles ’ 

Grassi (1910) in his Plate II, figs 10 to 12, shows such multiplicity of chro- 
matin dots He writes as follows ‘the sporozoites, when almost mature or 
mature, by staining with the Romanowsky method, show distinct chromatm 
granules, situated a little apart from one another, sometimes three or even four 
arranged closely in rows Exceptionally, in certain cases, the sporozoites show 
only one nucleus, which appears to result from the fusion of the masses of chro- 
matm ’ 

Schaudinn (1902) m his study of P vivax (Plate V, figs 41 and 42) shows 
sporozoites with multiple chromatin masses — though the illustration is a very 
poor one In his Plate IV, figs 15a to Wk, he depicts the entry of a malarial 
sporozoite into a red blood corpuscle and its conversion mto a ring-trophozoite 
This picture is reproduced (without comment) in Wenyon’s ‘ Protozoology ’ (1926, 
2 , p 914, fig 392) The senior author (R K ) of the present paper has long 
been suspicious of the accuracy of this figure, and for that reason deliberately 
refrained from reproducing it in his ‘ Introduction to Medical Protozoology 
(Knowles, 1928) 
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killed, embedded and serially sectioned from tbe 3rd to the 6th November, i e , 
21 to 23 days after the infective feed Six out of eight were found to be infected 
He notes that no oocysts were present, and concludes that all had by then matured 
and ruptured , the mosquito’s tissues (with the exception of the ovaries) were 
flooded with what he terms an almost veritable septicaemia of sporozoites He 
makes no mention of nuclear division, however 

The present paper is only by way of a preliminary note, chiefly to draw the 
attention of other workers to these findmgs If Missiroli is right, the sporozoite 
may not be the end phase of the sporogony cycle Further mvestigation is wanted, 
but it IS not feasible to use man for such experiments , it may be possible to 
study the final end phase of the cycle in connection with bird malaria or monkey 
malaria 


We are very greatly indebted to Lieut -Colonel H E Shortt, IMS, Officiating 
Editor, Ind%an Jowiml of Medwal Research, and to Lieut -Colonel J A Smton, 
V 0 , I M s , for drawing our attention to the different papers m the literature on 
this sub]ect 
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In a previous Memoir (Knowles, Das Gupta and Basu, 1932) dealing with avian 
spirochsatosis we mentioned that we had obtained a strain of a blood-inhabiting 
spirochaete of the gumea-pig from Muktesar At that time we were fully occupied 
with the work on avian spirochffitosis, but we believe that by now sufficient data 
have accumulated with regard to the guinea-pig spirochaete to warrant publication 
The history of the discovery of this spirochaete is as follows In 1928 and 
1929 Mr S K Hassan of the Lahore Veterinary College, whilst uorking on the 
transmission of surra, and examining the blood of gumea-pigs first encountered a 
naturally occurring blood-mhabiting spirochaete in this animal He sent the strain 
to Mr F Ware, fecvs, ivs. Director, Imperial Institute for Veterinarj’’ 
Research, Muktesar, and Mr Ware very kindly sent the strain on to us in 1930 
Once the strain was receded in Calcutta it was maintained 111 guinea-pigs by 
duect blood passage , one-quartef or one-half a cubic centimetre of blood wa's 
withdrawn from an infected gumea-pig at the height of the infection by cardiac 
puncture, and inoculated intraperitoneally into a faesli guinea-pig The bleed of 
all animals used was examined in thin and thick blood films before they verc 
inoculated, and no protozoa or spirochjetes were seen in any of them prior to 
inoculation 

Clinical notes 

Sixty guinea-pigs each received 1/4 c c of mfected blood intrapentonealh 
The infection took in all , the incubation period to the first appearance of spiro- 
chaetea in films of the penphcial blood laned from 1 to 16 days, with a mean of 
3 42 ± 2 330 days , m other words the range was from 1 to 6 days After first 
appearance of spirochsetcs in the peripheral blood spirochaites were present for 
from I to 29 dais with a mean of 14 2 ± 6 748 days , in other words the positive 

( 449 ) 
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period ranged from 7 
follows — 


to 21 days The fate of tliese 60 gumea-pigs was as 


Survived . 21 

Died in the acute phase, with spirochietcs picsent in the blood 12 
Died within three months aftei the disappearance of spirocheetes, 

‘ after-phase ’ animals 25 

Killed for experimental purposes 2 

Twenty -nine guinea-pigs each received 1/2 cc of infected blood mtra- 
pcritoneally Of these one pioved refiactor)’^ , the remammg 28 all took The 
incubation period to the first appearance of spirochtetes in films of the peripheral 
blood varied from 2 to 9 days, with a mean of 3 45 ± 1 516 days , in other words 
the range was from 2 to 5 days After first appearance of spirochsetes in tlie peri- 
pheral blood they were present foi from 5 to 28 days, with a mean of 16 87 ± 6 616 
days , in other words the range was fiom 11 to 22 days The fate of these 29 
gumea-pigs was as follows — 

Proved refractory 1 

Survived . 16 

Died m the acute phase, with spirochaetes present in the blood 4 
Died within three months after the disappearance of spirochsetes 
I ♦ from the blood, ‘ after -phase ’ animals 7 

Killed for experimental purposes 1 

The disease in the guinea-pig is much less severe than is avian spirochsetosis 
m the fowl In the above figures the survivors numbered 36, as against 16 animals 
which died in the acute phase , in other words the mortality rate was 16 out of 
52, or 31 per cent Also, whereas the degree of infection of the blood m avian 
spirochsetosis may be expressed as-) — )--)- or-j — | — | — f- that in the infected gumea- 
pigs can only be expressed as -|- or 4— |- 

The disease is a definitely febrile one in the guinea-pig Byam and ArcLibald 
(1921) record the normal temperature of the guinea-pig as varying from 38 6 C 
to 39 4°C (101 3'’F to 102 9°F ), with an average of 38 7°C (101 7°F ) Chart 1 
shows the temperature chart of an infected gumea-pig , the temperature may rise 
as high as 106°F during the course of the fever, and when crisis supervenes and the 
spirochsetes disappear from the blood the temperature may fall as low as 100 1 
During the febrile period the animals become weak and emaciated, ard reluctant to 
take food, and lose weight , after the spirochsetes disappear irom the blood recovery 
IS rapid, and weight is soon put on again There is sometimes hurried respiration 
and difficulty in breathing at the height of the infection 

Chart 2 shows the temperature chart of gumea-pig No 68, which prove 
refractory to infection The temperatures here recorded are within the noOTS 
limits for the gumea-pig Foi reasons which will be given later, we believe la 
this refractoriness was due to a previous natural infection with the 
Gumea-pigs Nos 57 and 58 were each inoculated with 1/2 c c of infected blood o 
the same donor, and the former showed spirochsetes m its blood for 22 days an 
temperature of 104°F , it subsequently recovered If ve take this reuactorine 
of No 58 to be due to immunity acquired by a previous natural infection, 
may state that 1 out of 89 gumea-pigs is about the normal ratio of mrec 
m these animals, or 1 1 per cent 



Chart 1 

Temfeiature Chart of Gutnea-ptg No 62 



(j) sdsj^dp a/ 3jn:f.ej3dujsi 


Days after tnoculation . 



Chart 2 

Temperature Chart of Gutnea-pig No 58 
{refractory to infection) 



Ddys after inocuht ton 
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There is no tangle formation at crisis with the spirochaete of the guinea-pig, 
as in the case of S ansenna The spirochsetes seem to disintegrate and disappear 
Guinea-pigs Nos 49 and 65 were killed just after the crisis, when no spirochaetes 
coold be d°etected m the blood imder dark-ground dlumiuation and emulsions made 
of their brains, kidneys, livers, bone-marrow, spleens, lungs and testes These 
emulsions were examined under the dark-ground and in stained films and no 
spirochsetes could be detected , they were also inoculated intiaperitoneally into 
fresh guinea-pigs, but none of the latter became infected The heart blood of 
both animals was also searched and two fresh guinea-pigs inoculated , both the 
lattci remained free from infection 

Gumta-pig No 7 was a gravid female in late pregnancy Phe was inoculated 
with 1/4 c c of infected blood on 9th July, 1930 Spirochaetes appeared m the 
blood on 12th July, 1930, and persisted for 21 days, till 1st August, 1930, 
thereafter the blood remained free from spirochaetes and the animal remained in 
good health under observation till the following January On 30th July, 1930, 
she was delivered ot a litter of two at the height of the infection with the 
mother’s blood swarming with spirochsetes The blood of the two newly-born 
guinea-pigs was examined and no spiioehsetes found Two and a half months 
later both were inoculated with higldy infected blood, and both took the 
infection , in one it was mild, n^ith an incubation period of 6 days, spirochsetes 
present in the blood for only 2 days, and subsequent recovery , m the second 
it was ot a relapsing character, with an incubation period of 7 days, and 
subsequent recovery These experiments appear to show that the infection does 
not traverse the placenta, and that there is no hereditary transmission of the 
disease in the mammalian host Whether any immunity to infection is transmitted 
is doubtful since both the young guinea-pigs showed susceptibility to infection 
two and a half months after birth 

Relapses were noted m 9 out of 69 animals which did not die in the acute phase, 
were not refractory, and were not used for experimental purposes — a relapse rate 
of 13 per cent Details are given in Table I — 

Table I 


Rehpw cases 


Serial 

tmmber 

Dose oi 
infeoted 
blood 
given 
(0 o) 

Hi! 

Spiro 
ohcetes 
-f for 
(days) 

1 Blood 
; negative 
for 

1 (days) 

1 

1 Spiro 
chaates 
, + for 
! (days) 

i 

Bestjlt 

9 ! 


2 

4 

4 

18 

Survived 

42 1 

i 

3 

12 

4 

3 

; , 

45 ' 

i 

3 

16 

0 

2 

1 

48 

i 

5 1 

15 

; 4 

' 3 


64 


3 

12 

4 

4 

»> 

65 

i 

3 

10 

2 

12 

Killed two days later for ex 
penmental purposes 

60 

} 

5 

10 

7 

2 

Survived 

107 

i 

7 

18 

3 

r, 

Died 57 davs later 

110 

i 

3 

8 

, 6 

4 

Survived 
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In .tII instances there was only a single relapse In these 9 guinea-pigs the 
following figures may be given as a summary of the table — 

Incubation period to first appearance of spirochsetes in the blood 
varied from 2 to 7 days , average 4 davs 
Spiroehsetes present in the blood in the first attack from 4 to 16 
days , average 11 7 days 

Blood then negative for from 2 to 7 days , average 4 days Spiro- 
chsetes reappeaied in the blood and were present for from 2 to 18 
days , average 5 9 days 

Survived 7 

Died 57 days after termination of the relapse 1 

Killed for experimental purposes after the relapse 1 


Gumea-pig No 65 was inoculated with ] /4 c c of infected blood on 20th 
February 1931 It showed spirochsetes present from 23rd February, 1931, to 
2nd March, 1931 , incubation period 3 days, first attack 8 days , then a negative 
phase of 2 days , then spirochaetes present for 7 days , and thereafter the blood 
was negative for 6 days The animal was now killed on 18th March, 1931, 
emulsions were made m normal saline of its brain, liver, kidney, lung, 
spleen, bone-marrow, and were examined und'er the dark-ground illumination 
and in Fontana-stained films No spirochmtes were seen The emulsions were 
inoculated into clean guinea-pigs, using one animal for each oigan, but results 
were completely negative 


It is a little difficult to say what happens to the spirochaetes in the negative 
phase between the first attack and the single relapse Presumably spirochsetes 
are present in the blood of the internal viscera This pomt requires further inves- 
tigation 


The immumty resulting from an attack of the disease is of a most solid character 
Two guinea-pigs were re-inoculated with heavily infected blood 16 and 20 days 
respectively after they had recovered from the disease , neither took the infection 
and both remained well for over one month whilst under observation It is for 
this reason that we believe that the refractoriness of guinea-pig No 58 was due to 
a previous natural infection with the spirocheete 

As typical examples of this infection in the gumea-pig we may quote the 


following — 

Ouinea-pig No 6 Zltld infection tvith recovery — Given 1/4 cc of infected blood intrapentOTcally 

on 4th July, 1930 Spirochaates first appeared in the blood on 13th J^ly» the 

Spiroch-etes then present for 6 days Maximum temperature 103°F Therco 
animal remained free from infection and alive and well for 8 rnontas, 
observations were discontinued , 

Guinea pig No 16 Moderate infection v-ith recovery — Given 1/4 c c of infected 
pentoneally on 14th August, 1930 Spirocheetes first appeared in scanty 
16th August, 1930 — the 2nd day, and were numerous (+-1-) for 1'' “''-y® p^nimncd 
became scanty in numbers for 4 days, and then disappeared The animal . ^^,,1 

from time to time for the next four months, hut never showed any spiroc 
remained in good health , August, 

Guinea pig No 20 Death in the acute phase — Given 1/4 c c of infected blood became 

1930 Scanty spirochjetes first piesent on 25th August, 1930 — 2nQ day ter dale 

very numerous on the 27th and 28tli5;August, 1930, and the animal died ‘ 10 G°r 
with its blood and organs swarming -mth spirochaetes Maximum tempo 
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Guinea pig No 110 Relapse with recotery — Given 1/4 c c of infected blood intrapentoneally 
on 19th September, 1931 Spirochjetes first appeared in the blood on 22nd September, 
1931 — the 3rd day The blood was then positive for 8 days then negative for 6 dajs, 
thereafter positive for 4 days After this the ammal never showed any parasites and 
remained alive and well for 4 months 

Virulence of the strain — The virus was continuously maintained from 17th 
June, 1930, to 31st October, 1931 During this period its virulence appeared to be 
more or less constant Table II presents an analysis of the animals inoculated 
taken in historical sequence in groups of ten (animals killed for experimental 
purposes, animals whieh died in the after-phase, refractory animals, etc , are exclu- 
ded) It will be seen that in the first foui series of tens, from June 1930 to January 
1931 the virus n as fully vmilent, killing from 20 to 50 per cent of ammals , then 
came a period from January to April 1931 (fifth and sixth series of tens) when it 
failed to kiU , then the virulence was recovered (seventh and eighth series of 
tens), and when observations were discontinued the virus was killing irom 30 
to 60 per cent of inoculated animals 


Table II 


Virulence of passage strain 


Senes 

Incnbation penod (days) 

Spirochaites (days) 

Results 

1 

Died 

Survived 

First ten 

1 to 9 , av 41 

! 

1 

1 5 to 28, av l”) 7 

2 

8 

Second ten ! 

i 2 to 4 , av 3 0 

4 to 25, av 15 1 

6 

5 

Third ten 

2 to 5 , av 2 9 

7 to 25 , av 18 0 

2 

8 

Fourth ten 

3 to 5 , av 3 4 

4 to 19 nv 11 8 

3 

7 

Fifth ten 

3 to 9 , nv 4 3 

13 to 26 , av 19 0 

0 

10 

Sixth ten 

2 to 6 , av 2 9 

11 to 22 av 1 5 9 

0 

10 

Seventh ten 

2 to 3 , av 2 8 

4 to 22 , av 16 2 

3 

7 

Eighth ten 

2 to 3 , av 2 4 

5 to 29 , av 16 8 

6 

4 


This sudden drop inviridence is probably due to the fact that it had been prece- 
ded by a senes of sub-passages which proved non-fa tal m every case The non- 
virulent phase was followed by inoculation into a yery susceptible ammal which 
died at the height of the infection, and the virus now recovered its i indent charac- 
ter We attribute such differences in virulence as are shown rather to differences 
in susceptibbty or resistance to the disease m different individual animals than to 
any change m virulence m the strain of spirochsete 
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The ‘ AFTFU-PHASL ’ 

In onr M&tnoxr on avian spiroclisetosis (loc cti ) we have fnlly discussed the 
‘ after-phase ’ in avian spirochaitosis described liy Balfour* It may be noted 
here that at no time during the investigation here reported on did we see any 
‘ Balfour’s granules ’ in the erythrocytes of the guinea-pig, though we especially • 
searched for them Their absence we attiibiite to the fact that the (adult) erythro- 
cytes of the guinea-pig are not nucleated and, therefore, the appearance of ‘Balfour s 
granules which we believe to be particles of chromatin extruded from the 
poisoned erythrocyte nuclei in the case of avian spirocliEetosis cannot be produced 

Every guinea-pig which survived from the acute infection ivas kept under 
observation, with occasional examination of its blood for a period of at least three 
months after recovery — in many instances for a period of as long as six months 
The aveiage life of a guinea-pig mav be taken as 1,000 days, but under laboratory 
conditions with its blood being examined daily, and with much handlmg and con- 
finement, this period must be considerably shortened Most of our guinea-pigs 
used were adults or young adults Hence we have concluded that any animal which 
survived for three months (90 day's) after spirochsetes had disappeared from the 
blood may be regarded as a survivor Those which died within three months of 
the disappearance of spirochsetes from the blood remain to be dealt with 

In all, these number 32 out of the 85 animals which survived after the dis- 
appearance of spuochsetes from the blood The frequency distribution of these 
deaths was as follows — 


Nvmher of days between dxsappearance of spixochcctes and death 


1 day 

2 

IG days 

1 

60 

days 

2 days 

2 

26 

ff 

] 

61 

99 

3 „ 

3 

30 

»» 

1 

62 

99 

5 » 

1 

34 

>> 

1 

64 

99 

8 „ 

1 

39 


1 

71 

99 

0 „ 

1 

45 

>> 

1 

72 

99 



RO 


1 

73 

9 9 



53 


1 

74 

99 



54 

f9 

1 

76 

99 



65 

99 

1 

78 

99 



59 

99 

1 

83 

99 


The first 7 of these animals may perhaps be regarded os having died from ic 
disease poisoned by toxms resulting from the dismtegration of the spirociiai es, 
or from the effects of the disease on the tissues , but we consider that the 
25 deaths at from 5 to 83 days only represent the natural mortality among am 
caged, and having their blood examined at very frequent intervals 


* The whole question of the after-phase and * Balfour’s granules ’ has been fijll> <h 
Knowles, Das Gupta and Basu (loc cit ) 
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At tlie lieiglit of the infection the internal viscera svarm with spirochsetes 
Emulsions were made from the bone-marrow, brain, liver, kidney, spleen and lung 
of guinea-pigs Nos 75 and 103 at the height or the infection after washing these 
organs in saline, and examined under the dark-ground , all were found swarming 
with spirochffites 

Even the salivary glands are heavily infected Guinea-pigs Nos 75 and 103 
were killed at the height of the infection, the sub-maxillary and sub-lingual glands 
dissected out, washed well m saline to free them from blood, and emulsions made 
' in saline These showed numerous actively motile spirochaetes under the dark- 
ground One gumea-pig was inoculated with each emulsion , both took the 
infection , the mcubation periods were 8 and 11 days respectively spirochsetes 
were then present in the inoculated animals’ blood for 15 and 19 days respectively , 
they then disappeared and both animals recovered Thisfindmg is of interest, as 
guinea-pigs fiequently bite one another if caged together, and as the salivary 
glands are mfected transmission by bitmg seems a possibility 

After disappearance of spirochetes from the peripheral blood, they seem 
to disappear completely from the internal viscera (with the exception of course of 
animals which undergo a relapse In these the spirochaetes must persist in the 
viscera, though not seen in the peripheral blood Unfortunately one cannot tell 
beforehand whether a given animal is gomg to undergo a relapse or not , and we 
have not been able to investigate the conditions here) We may quote the following 
observations — 

Guinea pig No 49 was inoculated with infected blood on 3rd January, 1931 Its blood 
showed apiroohsetes first on 8th January, 1931 and they persisted for 15 days They 
then disappeared from the blood and the animal was killed when the blood had been 
negative for 6 days Emulsions were made of all the visccia and examined under 
the dark ground and in stained films No spirochtetcs could be detected The brain 
emulsion was inoculated into guinea pig No 66, and the latter animal was kept under 
observation for four months It showed no spiroch-etes at any time 
Guinea pig No 65 was killed after its blood had been negative for onlj 2 days after disappear 
ance of the spiroch'otes Emulsions were made of its brain 1 iduey, liver and bone 
marrow No spirochetes could be detected in the fresh emulsions, and one guinea pig 
was inoculated with each emulsion None of the four ammals thus inoculated showed 
any spirochtetcs at any time though all four showed a rise of temperature to 103 6°F , 
104°E , 104°r , and 104 2°E respectively 

The gumea-pig spiiochaBte is experimentally transmissible to white rats and 
rabbits, but not to fowls White rat No 63 was given 1/4 c c of infected Wood 
from giiinea-pig No 49, spirochtetes appeared m the Wood 2 da vs later, were 
present for 4 days , the animal’s blood then cleared, but it died 4 days later The 
second white rat inoculated with infected guinea-pig blood showed a relapse 
incubation period 3 days , spirochaetes then present for 3 days, absent for 6 davs, 
present for 3 days, absent for 4 days, present for 1 day, absent for 2 days, when 
the rat died This was the only animal in the whole of the investigation which 
showed a second relapse 

Kabbit No 50 was inoculated ivith infccWd gumea-pig Wood on 10th Januarj, 
1931 Spirochaites first appeared in its Wood on the 2nd day, v ere present for 4 days* 
absent for 5 days, when the animal died Fowl No 2326 was" gi\ en ] /2 c c of 
infected gmnea-pig Wood mtramuscnlarly on I9tli July, 1930 It shoved no 
infection at any time up to its death on lOth August, 1930 
J, MR 


3 
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The gumea-pig spiroclitete would appear to be trauFinifsible to rodents, bat 
not to birds 

MoKPHOLOGI of the SPIROCHiETL 

The guinea-pig spuochiete is one typical of the relapsing fever group Under 
the daik-grou’id it shovs a regular uniformity of the coils and very delicate tapering 
ends, and exactly leseinbles S lecvticnhs and B anseuva It infected blood be 



Text figure 1 — Camera lucida drawing of Sptrochcsla cobay ce showing irregular 
cods (occ 2, obj 1/12, Call Zeiss) 

preserved m citrated saline the spirochsetes remam alive for three days, 
show uniform regularity in the coils as seen under the dark-ground This me i 
also a good one for obtaining fixed and stamed films of the spirochaste 
uniform treponema -like structure The same is true of spirochetes 
Galloway’s medium (illustrated m Text-figure 2, and Plate XXI, fig 3) 



Plate XXI 



r 2 » 1 and 2 — Photomicrographs of Spirochala cohayos air dned, fi-red and stained films 
bhoinng irregnlar coils 

Fi 2 ^ — Photoimcrograpih of Spnocha'a cobaiia smear of infected Wood after preservins 
in citratcd saline shoinnc the nniform treponema like stnictnre 

Fi 2 4 — Photomicrograph of ^pirochccta co}>ay(Z showing headed appearance as seen in some 
of the infections 
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In air-dried, fixed and stained films, ho-wever, the spiroohsetes vary enormously 
in morphology, the coils being veiy irregular witli loops and twists, and the appear- 
anccb exactl} resembling those seen in B iccmrenhs m blood films from a case of 
relapsing fever (illustrated m Text-figure 1, and Plate XXI, figs 1 and 2) 

In Older to measure the organism, blood films were taken from a guinea-pig at 
tlie height of the infection and fixed and stained bv Tribondeau’s modification 
of Fontana’s stain The stained films were then placed m a microprojection 



Text figure 2 — Came’'a lucida drawing of Spirochccta cobaycc showing the uniform 
treponema like structure (occ 2, ob] 1/12, Carl Zei='3) 


apparatus, and 500 drawn and measured with dividers set to one micron This 
gave a mean length of 18 20±4 690 microns, a mean of 5 12±1 658 cods, and a 
de Mello index (length/cods) of 3 0 The spirocluete is thus morphologically very 
like »S mmnna of the fox. 1, but is slightly longer and uitli slightly more open 
cods Although the two species are morphologicallv x erv much aldce, they are, 
hovexer, biologically profoundly different, the gmnea-pig spirocbiete cannot be' 
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transmitted to fowls, wdiilst the avian spirocliffite cannot be transmitted to guinea- 
pigs and rodents (Knowdes, Das Gupta and Basu, loc cit ) 

Plate XXI sliows tlie appearance of tbe giunca-pig spiroclisete ma blood film 
fixed by mctbyl alcohol, and stained with gentian violet When films of infected 
blood are spread upon grease-free slides, and fixed and stained by Nicolle and 
Morax’s method [details of ivhich are given in our Memon (loc cit ), (p 97)], it is 



seen that there is a single flagellum of great delicacy at each end of tli 
spirochsete Division of the spirochsete is by binary transverse fission 
In some of the infections the spirochsetes showed a beaded appearance 
under the dark -ground Colonel Acton, IMS, who saw the preparations siigg 
that this was due to sharp twists in the spirals, and that it was an op 
In blood films which have been kept for some time before being fixed an ‘ 

and which are then fixed by methyl alcohol and stained by gentian vio e , < 
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appearance is seen, and is illustrated in Plate XXI, fig 4, and Text-figure 3 When 
viewed through light yellow filters these ‘ beads ’ in such films show up well and look 
like small compact rounded bodies, together with some vacuolation of the spiro- 
chaite We do not consider that this beaded appearance indicates spore formation, 
but rather that it is a phenomenon of degeneration of the spirochaste 

The gnmea-pig spirochete can be readdy cultivated in Galloway’s medium 
[detads of which are given in our Memoir (loc cit ), (p 97)] The medium should be 
prepared with either rabbit or horse serum A curious pomt is that growth takes 
place best at room temperature {27°C to 35°C ), and not at body temperature In 
culture the spirochete retains its viridence for periods up to 7 to 10 days 


Transmission 

Very little appears to be known about the natural ectoparasites of the gumea- 
pig, and accordingly we investigated the possible methods of transmission with such 
material as we had m hand 

Lice — Sixty-foar lice {Gyropus ovahs and Ghncola porcelli) were collected 
from three guinea-pigs who were at the height of the infection, were emulsified and 
the emulsions exammed under the dark-ground and in stamed films Kesults were 
negative 

Fleas — Four fleas collected from a gumea-pig were fed on gumea-pig No 54 
when it was at the height of the infection They were dissected three hours later 
Only a few dead spirochetes were encountered in the gut contents 

Bed bugs — In a series of 6 experiments a total of 17 bed bugs (species Cimeic 
heimptera) were fed on guinea-pigs at the height of the infection, and we^e subse- 
quently dissected and exammed at intervals of from 1 to 6 days after the feed 
Results were negative 

Leeches — Two leeches (Hirundo medicinahs) were fed on guinea pigs at the 
height of the infection One was dissected 2 days later , it shoved a verv fev 
motile spirochaetes in the gut, crop and diverticulre, but the rectum, ovary and 
salivary glands gave negative results The second was dissected on the 16th day, 
and gave completely negative results 

Oulex fatigans — A hatch of 25 laboratorv-bred female Culexfahgans v as put 
into a mosquito cage together with a guinea-pig at the height of the infection Nine 
of these recovered from the cage at intervals of from 1 to 18 days later were dissected 
and examined Scanty motile spirochaetes vere found in the gut contents of 6 
mosquitoes up to the 5th day of the experiment, but none later The coelomic fluid 
and the salivary glands showed no infection 

A batch of 15 laboratory-bred C fatiyans was led on a guinea-pig at the height 
of the infection, and re-fed 8 days later on a clean guinea-pig No infection 
resulted 

Anopheles stephensi and A annularis ~A batch of 10 laboratory-bred 
A slejihensi and 10 A annularis was put into a cage with gumca-pig No 67, when 
the latter was at the height of the infection Seven of the former and 8 of the 
latter fed , these were removed and dissected from 1 to 8 davs after the infectn e 
teed Results were negative 
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Development in Argas persicus 


As ticks appeared to be the most Idcelv transmitting vectors, we turned to 
the only tick locally available in some numbers — Aigas pcrsicus In different 
expeiiments a total of 15 ^ jiei sicks {1\ females and 4 males) was fed on guinea- 
pigs at the height of the infection and kept at room temperature They were 
dissected at intervals of fiom 1 to 32 days after the infective feed It was found 
that development occurred in 9 (4 females and 5 males) , in 3 others which were 
killed at the 2nd and 3rd day aftei feeding, the gut showed motile spirochsetes, 
but the cycle had not had time to develop 

The cycle in A posicus, step by step, follows that of the development cf 
S ansenna in this species of tick Shortly after ingestion of the infected blood the 
great majority of the spiiochaetes in the gut disintegrate and die , tangle formation 
IS not as marked with the spnochsete of the guinea-pig as m the case of S ansenna 
A few, however, survive and multiply very rapidly by binary transverse fission , 
long forms may be encountered where one spiiochsete is dividing into seveial individ- 
uals By the 3rd to the 5th day abundant tenne forms are present These ore 
very thin, short, and of great delicacy They are best detected under the daik- 
groiind, since they are so fine and tenuous that they may easily be overlooked in 
stained films The coelomic fluid becomes infected with the te^ine forms by the 
3rd to the 5th day From this every organ of the tick becomes mfected In the 
female the ovaries may swarm with spirochoetes, but we have not observed infection 
in the malpighian tubules In the male the white gland and testes may be invaded 
In both sexes the bram may be infected Invasion of the salivary glands, however, 
IS rapid and progressive The tenue forms accumulate in these glands and multiply 
therein with great rapidity Meantime, whilst the invasion of the salivary glands 
is a progressive one, the infection in the gut dies out, though a very few sluggishly 
motile spirochaetes may be found m the gut up to the 32nd day after the infcctiv e 
feed 


The following two experiments weie earned out to test the infectivity of the 
spirochsetes m the salivary glands — 

Experiment 1 Eleven A pcrsicvs were fed on an infeeted gtnnca pig at the height ^ 
infection, and Kept at room temperature Nineteen da^s later they ^^c^e dis'^cw , 
the salivary glands removed, washed in saline and then emulsified in saline 1ms 
emulsion was then inoculated into a clean guinea pig Twelve days later spirocliic es 
appeared in the guinea pig’s blood, and were present for 13 days , thej then disappenre , 
and the animal died 4 days later 


Experiment 2 Fourteen A persicus were fed on a guinea pig at the height of Ihc infec 
They were kept at room temperature, and dissected 12 days later Thesnhvaivg a 
were then dissected out, and an emulsion made and inoculated into a '^^®***’ 

This guinea-pig showed spirochaetes first on the 10th day, they were present in tlic 
for 7 days, and the animal died at the height of the infection These 
earned out ivith A persicus, fed on guinea pigs Nos 74 and 75 (w Inch con 
the 22nd passage of the virus by direct blood inoculation) 


The spirocbsetes m the salivary glands are, therefore, infective to guinea pig 
Unfortunately we have not been able to secure infection by the bites of A p&rsic 
The following is a summary of our experiments m this matter 

Experiment 3 A total of 11 ticks fed from 7 to 12 days previously on an infected gum PE 
ivere re fed m a clean guinea pig, No 41 Eesults were negative 
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Experiment 4 A total of 26 ticks fed from 13 to 26 days previously on an infected guinea pig 
were re fed on a clean guinea pig, No 76 Results were negative 
Experiment 5 A total of 39 ticks fed from 8 to 31 days previously on an mfected gumea-pig 
were re ted on a clean gmnea pig, No 112 Results were negative 

As -we thouglit that A posicus might feed more ^^gorously on the fowl than on 
the gumea-pig, in five experiments a total of 72 tieks fed on gumea-pigs at the height 
of the infection and kept at room tempeiature for from 8 to 19 days, were re-fed on 
five fowls Results were negative 

Whilst we have failed to secure actual transmission by the bite of A pei sicus, 
yet the evidence given above is strongly m favour of the view that the natural 
infection with the spirochsete of the guinea-pig is transmitted by some tick which 
has access to this ammal 


The identity of the guinea-pig spirocha;te 

Only two previous workers appear to have encountered a blood-inhabitmg 
spirochsete of the gumea-pig Gasperi (1912) inoculated a guinea-pig subcutane- 
ously with garden earth emulsified in a mortar with water at 85°C , in order to 
produce gas gangrene m it and isolate the ‘ vibrion septique ’ {Clostridium 
septique) 

The animal died 20 hours later, and cultures of its heart blood were taken m 
glucose agar, liquefied and kept at 42°C In these cultures he obtained not only the 
Clostridium septique but also a spirochsete Long forms predommated m the culture, 
16/x to 20p, m length, sometimes 24/i The spuochsete was very thin and showed 5, 
6 or 8 coils in a long form The ends were fine and drawn out Short forms were 
scantiei than long ones , ranged fiom 9 6/t to 12 Sp, with 3 or 4 coils , they were 
relatively thick in the middle but with finely drawn out tapering extremities 
Dividing forms were not seen As seen under the dark-ground they were actively 
motile with a helicoid movement, progressing along a rectilineal line The culture 
died out in 48 hours The author conducted six further experiments with the same 
technique, but in none of tliese six guinea-pigs were spirochsetes encountered He 
concludes that the spirochsete was one occuriing naturally in the guinea-pig 

Macfie (1914) also cultivated a spirochsete from the heart blood of the guinea- 
pig Two c c of heart blood were drawn off and placed in a sterile test-tube con- 
taining 1 /10th e c of 50 pel cent aqueous glucose The blood w as then defibrinated, 
transferred to a smaller sterile test-tube, and incubated at 37°C On the 3rd daj a 
few small spnoclisetes were found m the culture , these then rapidly increased in 
number From the 79th houi, however, they disintegrated and all had disappeared 
by the 8th day At first the spirochsetes were very small, 2p to 9p in length, v\ ith 2 
to 9 coils Later, however, a few longer forms were encountered, from 13/4 to 17 p 
in length A sub-culture showed very minute forms, only 1/4 to 3/t long Attempts 
to infect a clean gumea-pig and a white rat w ith a culture 160 hours old had negative 
results A good colour plate illustrates the article 

Rhees (1932) isolated a spiral organism from the guinea-pig, but this appears to 
be a spirillum of Spv ilium minus t)pe, and not a spirochsete, to ]udge frW her 
photomicrographs Its soiuce was not determined In preparing culture medium 
for an attempt to cultivate S minus, a male gumea-pig was killed, its intestines 
with the exception ot the stomach removed, and the whole body of the animal ground 
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in a meat grinder , tlie filtrate fioni tins was used foi the preparation of media 
Ten tubes ot the medium used wcie inoculated A\ith heart blood or tissue from 
guinea-pigs infected with S 2 nt ilhwi minus One culture became positive , the 
organism was from 2/x to in length, short and stumpy, ivith a single delicate 
flagellum at each end The best groivth was obtamed in Dorset's broth plus 0 1 
per cent agai Two white mice and two guinea-pigs were moculated with the 
culture but none took the infection This author appears to have obtamed a culture 
of Sptnllum minus, but there is no evidence that the orgamsm m the culture was a 
blood-mhabiting natural spiiochoete of the ginnea-pig 

Several authors have recorded blood-inhabiting spuochmtes from small rodents 
other than the guinea-pig Bieinl and Kiughorn (1906) found a blood-inhabiting 
spual organism m the white mouse, also in the wild mouse Mus musculus It was 
a short organism howeAmr, 1 8/i, to 3 8p long, ivith 2 to 4 cods, and was very scantv in 
the blood Attempts to transmit the infection weie unsuccessful No illustration 
IS given, and, although the authors propose the name Spii ochwta laveram nov sp 
for the organism, it would appeal to be a spirillum, probably Spirillum minvs, 
rather than a spirochsete 

Nicolle (1907) described a blood-inhabiting spuochaete from the gondi, Cteno- 
dactylus gondi Tins was present m one animal m the blood in very scanty numbers 
It measured from 16^ to I9p m length, by 0 3/x in breadth It did not appear to be 
pathogenic and disappeared from the blood m the course of a few days The 
author proposes the name Spiiochcela gondii for this organism 

Mathis and Leger (1911) described a blood-mhabitmg spuochsete of the rabbit 
Spirochwta railheti sp nov This was fro'in Up to 17 p m length We have not had 
access to the original paper, unfortunately, and can give no further details 

An organism which has received a great deal of attention of recent years is 
Spirochceta crociduicn of the shrew mouse, Cwciduia stampflii, of Dakar m West 
Africa This was first discovered bv Leger, A (1917) Infection m the blood was 
scanty, about 1 spirocbaete in 15 microscope fields It was actively motile and 
dividing forms were seen Its length w'^as from 14p to 16//, width 0 25p, with 4 
to 5 coils Leger gave the new spirochaete its present name Leger and le Gallen 
(1917) showed that the orgamsm is moculable to rats, mice, field mice and monkeys , 
in monkeys the course of the infection resembles that of relapsing fever in man 
Rabbits and guinea-pigs proved refractory Later Leger (1918) remarks on the 
resemblance of /S' crocidw ce to the relapsmg fever spuocheetes of man As far as 
he knows relapsmg fever of man had not occurred m Dakar or French Senegal, 
but the ready moculability of the spuochsete to mammals and monkeys sugges s 
that the blood-mhabitmg spuochsetes of small mammals may play a part in t e 
relapsmg fever of man 

Leger, M (1924), observed what appeared to be the same organism 
norvegicus, Battus couclia, and Golundu campanw of the same locality, and aga 
emphasizes the possibility of these rodents acting as reservous of the spirochse e o 
human relapsmg fever As Ornithodoius moubata does not occur m this loca i 
some other vector must be responsible 

A very interesting paper is one by Nicolle and Anderson (1927) They sho^ 
that S ciocidurcB is infective to human beings, and that by all the tests appUe 
closely related to the human spuochsete of African tick fever Thev ei-igg^s 
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the relapsing fever spirochsetes originated as parasites of small mammals, became 
adapted to human bemgs through the agency of ticks, and finally through their close 
association with lice acquired the property of survival in and transmission by these 
insects The consequence of the complete adaptation to the lou’e is that relapsing 
fever has spread from Africa throughout the Old World 

Mathis, Diirieux and Ewstifeief (1927) report cases of relapsing fever at Dakar , 
the strain was readily inoculable to mice, and the absence of Ormthodorus moubata 
from Dakar and the possibility of the spirochsete being S crocidiircB suggest some 
other vector The same authors (Mathis, Durieuv and Ewstifeief, 1927a) record 
three further cases from Dakar Dakar is clearly an endemic focus of relapsing 
fever and S crocidurcB under suspicion 

Nicolle and Anderson (1927, 1927a) show that/S crocidurcB is transmissible bv 
0 moubata and the infection is transmitted to the progeny The principal vectors 
are njnnphs derived fiom ova laid by infected ticks Cazanove (1930) and Lasnet 
(1930) comment on the persistence of relapsing fever infection in Senegal and 
attribute this to the presence of small w ild rodents, whieh serve as a reservoir of 
the virus Email} , Mathis and Durieux (1932) compared a stram of relapsing fever 
obtained from Ormthodoms eriahcus found naturally infected at Dakar, with two 
strains from human cases of the disease, and a strain obtamed from a naturally 
infected shiew mouse Cross-immunity experiments were made with these diSerent 
strains which, though showing minor diffeiences, confirmed the view that 
0 eriahcus is the transmitting host of the human relapsing fever occurring at 
Dakar 

Table III gives a summary of the information available regarding the blood- 
inhabiting spirochetes of rodents 

To return to the question of the identity of the blood-inhabiting spirochete 
which we have described, we may rule out Rhees’ organism and that described 
by Ereinl and Kinghorn as almost certainly belonging to the genus SpinlluTO, and 
not Sptrochceta Our organism corresponds fairly well to that described by Gasperi 
(1912), though it IS rather longer , Gasperi’s organism was studied only in culture, 
whereas ours was studied in infected guinea-pig’s blood Maefie’s organism from 
the guinea-pig was also studied only in culture , it seems to be a much shorter 
organism than the one which we have described, but this may be due to the differ- 
ences m technique adopted Our organism does not show much morphological 
difference from the spirochete ot the gondi described by Nicolle (1907), from that 
of the rabbit described by Mathis and Leger (1911), or from S crocidurm cf the 
shrew mouse discovered by Leger (1917) On the other hand morphology alone 
IS not a safe standard to go by , even serological tests are not too trustworthy 
in workmg on blood-inhabiting spirochetes, animal susceptibility being a 
better test 

It IS very difficult to state what constitute specific characteristics in a spiro- 
chete, and the number of synonyms in the literature is already very great We 
hesitate to add to confusion which is already confounded , on the other hand this 
blood-inhabiting spirochete of the guinea-pig must have some name by which it 
may be referred to , and we suggest the name Spirochata cobaycb sp nov , with the 
proviso that later work may possibly show that this organism is possibly a 
spirochete of different species of rodents, mdudmg the guinea-pig and that 
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S cobaycB may later prove to be synonymous witli some previously described blood- 
inliabitmg spirochaete of small rodents 

SUMMAEY 

1 A blood-mbabiting spirocbaste of the gumea-pig, belonging to the relaps- 
ing fever group, is described The infection is easily transmissible from one guinea- 
pig to another by blood inoculation White rats and rabbits are also susceptible 

2 The course of the disease resembles that of avian spirochietosis m the fowl, 
but IS much less severe, the mortality being about 31 per cent After an incuba^ 
tion period of 2 to 6 days spirochaites appear in the blood, multiplyj rapidly, are 
present for 7 to 28 days, and then disappear The animal may die at the height 
of the mfectiou, or a feu days after the spirochsetes have disappeared, or may 
recover 

3 The disease is definitely febiile m the guinea-pig (Chart 1) 

4 The infection does not appear to be hereditarily transmitted, nor is there 
any transmitted immunity In animals which have recovered from the infection 
there is a solid immunity 

5 Relapses occurred in 9 out of 69 animals (Table I) 

6 Durmg the height of the infection the internal viscera swarm with spiro- 
chaetes, but after the disappearance of spirochsetes from the peripheral blood no 
spirochetes can be detected m emulsions of the internal viscera and these emulsions 
are not infective to clean animals 

7 The spirochete is one typical morphologically of the relapsing fever group , 
with a length of from 13 5 to 23 microns, thin and delicate and with finely tapering 
ends By special staining a very delicate single terminal flagellum can be demous- 
tiated at each end The spirochete can be readily cultivated in Galloway’s 
medium 

8 In fed Aigas pasicus the guinea-pig spirochete develops m a manner 
exactly similar to that of Spuochceta anseiina The vast majority of the ingested 
spirochetes dismtegrate and die A few, however, survive and dmdeverj rapidly 
Very thin and delicate fcvite forms are pioduced and these pass into the hemocele 
from the 3rd to the 5th day From this they invade all the a iscera of the tick 
There is heavy and progressive invasion of the salivary glands, whereas the infec- 
tion in the gut slowly dies out Emulsions of the infected salivaiy glands of the 
tick are infective on inoculation mto clean guinea-pigs, but we have been unable 
to cause mfection by the bite of infected ticks Presumabh'- in Nature the trans- 
mittmg vector is some species of tick uhicl’ gams access to guinea-pigs 

9 Previous records of blood-inhabiting spirochartes of rodents are discussed 
(Table III) 

10 It is suggested that the name SpvocJiaia cobaya nov sp be "iven to 

this organism ° 
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OBSERVATIONS ON THE PATHOGENICITY OE THE 
LOCAL STRAINS OE ><^PIRILLUM MINUS TO 
GUINEA-PIGS 

BY 

N G PANDALAI, mb, b s , d t m 
{From the Bactenolog j Depaatment, Medical College, Yizagapatam ) 

[Received for publication, August 8, 1934 ] 


Bifberert strains of >S minus obtained locally from human cases of lat-bite 
fever were seen to vary widely in their pathogenicity towards guinea-pigs Indian 
authorities like Row and Pramanaud (lOSl)"*" did not find any evidence of patho- 
genicity in the strains they studied While Robertson’s investigations also gave 
similar results, Japanese workers like Ogata, Ishiwara, Ohtawara and others 
reported their strains to show considerable \irulence in these test animals 
Knowles and Das Gupta found the Calcutta strains of the spirillum fatal to young 
guinea-pigs McDermott’s strain caused a progressive disease m these ex- 
perimental animals which ended fatally on the 63rd day of inoculation Sub- 
passages in them resulted in exaltation of i irulence of these organisms, tending to 
show a stabiliication of this property, causing death on the 23rd day as compared 
with the 63Td day of his original animal The virulence towards guinea-pigs of 
a few local strains of the spirillum has been studied and the results thereof are 
embodied in the present communication 

Rat-bite fever is by no means uncommon in Yizagapatam and, if the incidence 
of the disease in a locality can be taken as an index of the rat infection there, the 
infection rate must be fairly high in tins place About a dozen cases a year come 
up to the laboratory for diagnosis and they are scattered throughout the year, dis- 
closing no particular seasonal incidence A short r4sum6 of the case history of one 
of the patients is added here as it presents more than one point of special mterest 
The circumstances of the case led to a suspicion that an associated infection mth 
T pallidum may influence the virulence of the S minus in the direction of 
exaltation 

Mr R , a man of 38 years, was seen with fever, ancemia and extreme weakness , 
his history recorded some kind of bite on the finger durmg sleep which healed 


• But Kho^nIcs and Baa Gnpta (1928) state that ‘ he (Pramanaud) finds that the exnenmcntal 
disease is very fatal m g unca pigs’ ^ 
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spontaneously ; after an interval of 15 days, fever started with rigor The 
maximnm temperature recorded vas 102°F , and the duration of fever 3 days at a 
time The patient had not noticed an)’’ lash and there vas no secondary flaring 
up of the piimaiy scai At tlie time of examination lie had already had six relapses 
and on each occasion he liad taken quinine In addition to fever and a sense of 
extreme prosciation, he complained of severe headache, pains all over the body 
and constipation Patchy pigmentation of the palms and soles, enlargement of 
the groin, axillaiy and epitiochleai 13 ’mphatic glands and a history of penile sore 
some years previously suggested the piobabihty of a pre-existing syphilitic infec- 
tion Evidence of a mild grade bronchitis, a puffy face, a pale swollen tongue, a 
palpable tender spleen and a short systolic sound vitb a biuit in the mitral area 
completed the pictuie Daik-giound examination of the blood was negative for 
the spnillum and prolonged examination of a stained smear revealed only a poly- 
morphonuclear inciease and an eosmophilia to vhich much impoitance was not 
attached in view of the commonness of helminthic infection in these parts 
The erythrocyte count vas 3 5 millions per c mm , and the anaemia was of the 
hjqiochromic type His blood was stiongly positive to the Wassermann test 


One c c of the patient’s blood was injected mtiaperitoneally into a young 
gumea-pig The patient was given tvo injections of 0 15 g and 0 3 g of N AB 
All his s-^miptoms except weakness disappeaied and he was instructed to come back 
after one month After the expuy of this peiiod, during whicli he remained free 
from any trouble, his blood vas again tested by the Wassermann reaction which 
still gave a strong positive lesult and he was advised to take the specific tieatment 
Blood from the inoculated animal was examined every other day from the 
8 th to the 17th day with negative results On the 7lst day defimte illness 
in the animal attracted attention Blood examination revealed the presence of 
the parasite both by the daik-ground method and m smeais stained withLeishman s 
stain, the latter showing three to four spirilla per field There was also marked 
neutrophilia Subsequently keiatitis and conjunctivitis with marked discharge 
appeared almost simultaneously with the appearance of a copious discharge from 
the nose, well-marked alopecia about the snout and cedematous infiltration of the 
scrotum and perianal region The animal by this time appeared very sick, showed 
dismclmation to move about and exhibited a geneial ruflSing of the coat and wasting 
The temperature was never more than lOi'^F On the 71st day the Wassermann 
reaction was strongly positive On the 75 th day the blood examination again 
showed plenty of spirilla As there was at this time evidence mdicative of secon- 
dary septicaemia, a specimen of blood was plated on MacConkey’s medium In 
24 hours numerous acid colonies of a coliform bacillus grew Apprehending deatn 
1 c c of blood from the animal v as inoculated into two other healthy guinea-pigs, 
specimens of blood from which had previously been tested by the Wassermann 
reaction with negative results By the 78th day the snout was completely d®™^ 
of all fur and presented small ulceis scattered about and crusted with blood ® ° ^ 
The serum now was very tuibid and milky and a drop put in a test-tu c 0 
distilled water sliowed a heavy trailing cloud of globulins The discharge ro 
the eye and the nose continued to be copious and the animal gave an imprcssio 
of blindness It died on the 79th day 

The cham of events in one of the freshly infected animals was the same 
that the Wassermann test became positive so early as the 27th day, the par 
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appeared m the peripheral blood for the first time on the 62nd day and death 
occurred on the 72nd day The other animal died as early as the 29th day The 
death of this animal on the 29th daj was probably due to other causes, although 
the spleen smears from it showed the presence of infection It was also 
noticed in the other animal that the eye conditions evinced a distinctly relapsing 
character 

The strain was kept going through nine sub-passages by inoculating a 
clean animal every time the sick one revealed evidence of threatening death and a 
spirillum septicaemia It is interesting to note that one of the animals injected 
did not take the infection but remained refractory to it Sub-passage from this 
was futile The earliest case of death due to the spiriUum occurred on the 41st day 
after a continuous illness with persistent blood infection from the 23rd day 
Judging from these passage experiments it looks quite probable that a stepping up 
of virulence of the organism can be brought about by such passages 

During the course of thus preserving the strain, the Wassermann test was done 
on all the animals previous to inoculation as well as after established infection with 
positive residts in the latter in most instances and negative in all the former except 
one, the blood of which gave a positive reaction (+) From these experiments, 
therefore, it is not unreasonable to conclude that, at any rate in the advanced cases, 
the occurrence of an antibody which fixes the complement in conjunction with the 
usual Wassermann antigen is an almost constant phenomenon in the blood of the 
infected guinea-pigs as against the 50 per cent positive results recorded in the case 
of S minus infection m man 

In one instance swabs taken from the mouth and the nose were shaken into 
normal saline which was then injected into the peritoneum of a healthy guinea-pig 
This latter did not take the infection , no evidence of,a positive blood examination 
was forthcoming and the animal remamed healthy under observation for 6 months 
Three of the sick animals, which would have been destroyed in the usual course, 
were each given intraperitoneally two doses of 0 01 g and 0 02 g of N A B well 
diluted in normal salme at intervals of 5 days One died after the first mjection 
and probably due to it Though after the first injection the other animals also 
seemed to be almost on the verge of death, they rallied and got completely wtU 
after the second dose, repeated blood examination yielding no positive results at 
any time thereafter and sub-passages failing to mfect In these cured cases the 
Wassermann reaction remained positive which, of course, could not have been due 
to any antecedent syphilitic inoculation It is interesting to note that after a year 
when one of these cured guinea-pigs was killed and an autopsy was done all that 
was found of the spleen was only a very small black patch sticking to the 
posterior abdominal wall The omentum was reduced to two or tliree nodular tags 
and the viscera had extensive adhesions pointing probably to a previous genera- 
lized peritonitis The liver showed both macroscopicallv and microscopically a 
severe grade fatty degeneration but m spite of all these effects the animal showed 
no indication of ill health 

Half a cubic centimetre of serum from one of the diseased animals taken a 
couple of days before death was mixed with an equal quantity of citrated whole 
blood containing the organism and the mixture was inoculated into the peritoneum 
of a healthy animal after incubating for two hours This guiuea-pig did 
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not develop the disease, nor did the blood examination betray any infection 
T^Tiether it was due to the destruction of the spirillum by any lytic antibodies 
contained in the scrum or whether it was only due to the refractory nature of the 
animal cannot be decided on this one experiment and the question is being further 
studied Anti-spirillum agglutinins have been demonstrated to be present in the 
serum by other workers on the subject and the immunity response in rat-bite fever 
seems to bear a close analogy with that in relapsing fever and syphilis 

Three more strains were studied All tlic three patients from whom the 
organisms were derived showed a positive Wassermann reaction Whether this 
positive result was due to an uidependent spirillum infection or whether it was 
due to an associated sjqihilis could not be investigated in two of the patients 
as they did not return after the initial treatment The other urns a boy of 12 , 
his blood, taken 6 weeks after the treatment for rat-bite fever, u as ^egarive to the 
Wassermann test and he exhibited no symptoms of inherited lues In the case of 
this patient there was only a local tenderness but no secondary flarmg up of the 
healed wound Both his blood and the tissue-juice from the vicimty of the scar 
were positive for the spirillum, those from the latter situation being markedly 
longer than the blood forms An animal inoculated from Ins blood showed a tem- 
perature ot on the 9th and 10th days and a blood infection on the 24:th day 

The blood taken a week later still showed the parasites, and it also gave a positive 
Wassermann reaction After continuing sick for a week more the annual 
recovered, faded to show parasites in the blood on later examination and remained 
well thereafter 

In the case of the third patient there was severe inflammation of the bite 
wound but both the exuded serum and the blood were negative for S 
Animal inoculation was resoited to resulting in a positive blood infection on the 
17th and a positive Wassermann reaction on the 19th day , but no evidence of 
any illness supervened 

The fourth case was a woman , the healed scar m hei broke out after 10 days 
but had healed again , blood was negative for the organism though tissue-juice 
from near the scar revealed its piesence and, in addition, a few microfilaria 
She did not evince any pathological manifestation due to this latter infestation 
and her blood picture was that of a marked leucocytosis without any eosinoplnha 
Her blood gave a strongly positive Wassermann reaction The tissue-juice 
was injected subcutaneously into the right scrotum of a young guinea-pig 
2 c c of blood into the peritoneum of another from the same litter and both were 
caged together The first one went down with the disease on the 69th day hut the 
parasite was detectable for the first time only on the 97th day Its W^assemann 
test at this time was positive (4-) The animal died on the 160th day The one 
inoculated with blood lemamed well, thereby showing that in man a tissue infection 
without blood invasion or a filtration out of the parasites into the tis'^ues subsequen 
to blood dissemination may occur 

Summary and Conclusions 

Four strains of S minus were studied with reference to tin 
guinea-pigs and in regard to certain immunological reactions 
latter Tw o of these were very pathogenic to guinea-pigs with 
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in one case on tte 79th day and in the second on the 160th day Another was 
definitely pathogenic but not fatal while the fourth was non-pathogenic This 
difference in the pathogenicity, which may depend not only on the virulence of the 
parasite but also on the conditions in the gumea-pig host, probably explains the 
divergence m the results reported by many workers 

Positive Wassermann reactions in the case of a large number of diseased guinea- 
pigs sufficiently prove that a complement-fixing antibody, which is identical with 
the syphilitic reagin in its physico-chemical properties, is produced in S minus 
infection in these experimental animals 

Sub-passages in gumea-pigs tend to exalt the virulence of the parasite 
The experimental disease in guinea-pigs proved to be readily amenable to 
Novarsenobillon 
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A SHOET NOTE ON AN EPIZOOTIC AMONGST EABBITS 
DUE TO SALMONELLA MRTRYGKE 

BY 

Captain M L ABTOJA, i m s 
{From the Central Research Institute, Kasauh ) 

[Received for pubhcation, August 18, 1934 ] 

A FAIRLY severe epizootic amongst rabbits m the animal houses of the Central 
Research Institute, Kasauh, occurred in July with the start of the rainy season 
During the preceding 12 months the health of the animals was good and mortality 
low On the onset of the epizootic the breeding stock, normal and experimental 
animals, were affected alike On the whole the young and suckling rabbits suffered 
most Infection appeared to be species specific as regards the experimental animals 
Thus guinea-pigs kept in the same room were not affected 

Symptoms were rather indefimte Nearly all infected animals went off their 
feed Marked diarrhoea was not a feature of the disease, but a few passed semi- 
solid ffflces There were no paralytic symptoms In fact, but for one rather 
striking symptom— convulsive seizures just before death — there were very few symp- 
toms at all There was no nasal or conjunctival discharge The outcome was 
fatal in 2 to 4 days 

Post-mortem — With the exception of slight enlargement of the liver nothing 
abnormal could be seen in the nscera Spleen, brain, adrenals, intestine and kidneys 
appeared normal Lymph glands were not enlarged Lungs in a few cases showed 
bronchopneumonic patches 

Cultural exammation of the heart’s blood and bile yielded a pure culture 
of a 6ram-negati\ e, actively motile bacillus having the biological characters of 
Salmonella cerlrycle 

The vehicle of infection was imdoubtedly food and drink probably mfected 
through the agency of flies Several hundred white mice were kept in fly-proof 
cages in the same room as the infected rabbits but the stock remained healthy and 
uninfected 

On the fourth day of the epidemic the remainmg stock was vaccmated with an 
autogenous mrlrycke vaccine Partly because of this measure but mainly due to 
segregation and measures of fly destruction the epidemic ceased in about ten days 

( 476 ) 
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Epizootic amongst Eabbits due to Salmonella eertrycke. 


Iiaving killed 260 rabbits It is interesting to note that rabbits need for the 
preparation of bigb titre sera for the Salmonella group of organism showed a low 
mortality rate as compared with those u'^ed for production of anti-cholera serum 
Of the thirty cholera rabbits onty one survived, ivhereas out of forty-nme Salmonella 
rabbits fifteen survived 
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A SHORT NOTE ON VIABILITY OE BACTERIAL 

CULTURES 

BY 

Captain M L AHUJA, i m s 
{From the Gentral Research Institute, Kasauli ) 

[Received for pubbcation, August 18, 1934 ] 


A NUMBER of stock laboratory cultures were tested for viability after having 
been kept m sealed tubes at room temperature for periods ranging from 12 to 19 
years It would appear from the results analysed below that this simple method of 
preservation of bacterial cultures is perhaps as good as any for maintenance of 
Salmonella and dysentery organisms A few tubes of P amsepticns, B pneumomcB 
(Friedlander) andJB ^rotews X 19 were also tested and found to be alive aftei 12 to 
13 years Fourteen tubes of cholera and allied vibrios ranging in age from 12 to 
18 years were tested but failed to yield any growth Streptococcus fcecahs and 
Staphylococcus albus retamed viability for 11 to 12 years The medium used for 
preservation and sub-culture of Salmonella and dysentery organisms was mutton 
digest Douglas agar , for streptococci, staphylococci and P avisepticus, pigeon-blood 
agar 

0 5 c c of sterile broth was added to each tube and the growth emulsified 
Sub-cultures were left m the incubator for 48 hours when the morphological, cultural, 
biochemical and serological characters of the strain were confirmed 
Analysis of results — 


Organism 

Date ol last 
sub culture 

Number of 
tubes tested 

Result 



15-9-1914 

1 

2 

Botb alive 


1 

29-9-1915 

1 

1 

Alive 

B typhosus 


16-4^1910 

2 

Both a’lve 



8-12-1920 

1 

Alive 



4-3-1921 

s 

7 alive, 1 dead 


( ) 
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A jS/io?l Note on VmUlity of Bacterial Cultures 


Orgamsm 

Date of last 
sab culture 

Number o£ 
tubes tested 

BEsm/r 



8-12-1920 

‘ 1 

1 

Abve 

B paratyphosus A 

1 

22-4-1921 

4 

1 

2 abve, 2 dead 


i 

30-12-1921 

1 

Alive 

( 

16-4-1916 

1 

Alive 

B paratyphosus B -j 

1 

8-12-1920 

4 

4 ahve 

1 

B paratyphosus C 

15-4-1921 

3 

Abve 

B wrlryckc 

8-12-1920 

4 

Alive 

B ententidiH Gartner 

22-4-1921 

6 

Alive 

B suipestifer 

22-4-1921 

5 

Alive 

B dysenterioB Flexner Y 

5-3-1921 

5 

4 abve, 1 dead 

B dysenierice Flexner V 

8-12-1920 

4 

4 abve 

B dysentenoe Flexner W 

22-4-1921 

2 

1 abve, 1 dead 

B dysenteries Flexner X 

4-3-1921 

2 

2 abve 

B dysentenoe Flexner Z 

22-4-1921 

2 

2 abve 

B dysentenoe Shiga 

4-3-1921 

1 

Dead 

B proteus X 19 

22-4-1921 

3 

3 abve 

B avisepticus 

22-4-1921 

2 

1 abve, 1 dead 

B pneumontcB 

22-4-1921 

2 

1 abve, 1 dead 

Streptococcus fcecahs 

19-7-1921 

2 

1 

2 abve 

Staphylococcus alhus 

4-3-1921 

2 

2 alive 

Staphylococcus aureus 

22-4-1921 

4 

1 

4 dead 
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SPECIFICITY OF ANTIVENOMOUS SEEA WITH SPECIAL 
REFERENCE TO SERA PREPARED WITH 
VENOMS OF INDIAN AND SOUTH 
' AFRICAN SNAKES 


BY 

Captain M L AHUJA, i m s 
{From the Central Research Institute, Kasauli ) 

[Reoeived for pnbbcation, September 6, 1934 ] 


Through the courtesy of the Director, South African Institute of Medical 
Research, Johannesburg, I was suppbed with the dried venom of Cape cobra {Nata 
flava) and a few phials of concentrated antivenene prepared against this and other 
venoms * The followmg experiments were carried oat — 

I Toxicity of Cape cobra venom in omparison with that of Indian cobra 
venom , 

II Potency of Cape cobra antivenene agamst the venom of Indian cobra 
{Naia naia ) , 

III Potency of Indian cobra antivenene against the venom of Cape cobra 
{Naia fiava) , 

IV Potency of Indian cobra and Cape cobra antivenenes agamst the venom 
of banded krait {Bungarus fasciatus) , and 

V Hsemolytic properties of venoms of Indian and Cape cobra as tested in 

vitro 

Throughout these tests pigeons of 300 to 310 grammes weight were employed 
as experimental animals and all injections, whether of venom alone or venom and 
antivenene, were given intramuscularly into the pectoral muscles The results w ere 
recorded after 18 to 20 hours 


* The antivenene is actually prepared against the venoms of Cape cobra and African vipers but 
for the purpose of the cvpennients to be described the anlivipenne element may for convenience be 
Ignored as having no bearing on the results The Indian antivenene is likewise polyi alent and in it 
also only the anti cobra element is here considered 
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Experiment I Toxicity of Gape cobra venom in comparison ivitji that of 
Indian cobra venom — Venoms were accurately weighed up to four places of decimals 
and dissolved in normal saline to yield a solution of 1 mg per c c Erom this stock 
solution further dilutions were made containing the desued amount of venom in 
1 c c of saline The following were the results obtained — 


Table I 


Snake \onom 

Dose, 

mg 

Result 

Snake venom 

Dose, 

mg 

Result 

Naia fiava venom 

1 

Pigeon died 

Nata naia venom 

1 

Pigeon died 

1> 

08 

1 

1 f> »» 

1 

>♦ 

08 

99 99 


07 

J> »» 

9f 

07 

>i ” 


06 

1 

>t ♦ 

9 

0 6 

9 


1 

05 ' 


>» 

05 

99 »* 


04 


99 

04 

» ” 

. 

03 

rf 

9* 

03 

„ survived 


02 

,, survived 

99 

0 2 


» 

0 1 

t> »> 

99 

0 1 

1 


Erom the above table it appears that 0 3 mg of Naiajlava venom and 0 4mg o 
Naia naia venom is lethal for a pigeon of 300 grammes weight Erom a fonsia- 
enable personal experience in work with Indian tobra venom 1 
minimum lethal dose of this venom for a pigeon Varies between 0 3 mg and u b 
denendmg upon the thoroughness with which it is dried Bearing tpis m 
I am of the opinion that the venoms of Cape Cobra and Indian cobra possess a 
the same toxicitv 

Experiment II Potency of Cape cobra anhvenene against the venom of n wn 
cobra (Naia naia) —One c c of a solution of Naia naia venom gcient 

c c ,vas mJed mtl, varying amounts <,£ Na,a fiam 
Lime was added to bring the volume of tiie mixture to 2 c c Th 
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incubated at 37°G for 30 minutes before tbe venom-antivenene mixture was injected 
into pigeons Table II gives the results — 


Table II 


Amount o£ Naia fiava 
antivenene moo 

Amoont of Naxa na\a \ 
venom m mg 

Besclt 

0 1 

08 

Pigeon died 

02 

08 


03 

08 

„ survived 

04 

08 

»> 9f 





r*r 


06 

08 

1 

ff tt 


i'rom the above experiment it appears that 0 3 c c of Cape cobra antivenene is 
sufficient to save a pigeon of 300 grammes weight against 0 8 mg of Indian cobra 
venom 

Experiment III Potency of Indian cobra antivenene against the venom of 
Cape cobra (Naia flava) — 


Table III 


Amount of Nam noio 
antivenene moo 

Amount of Nam fiava 
venom in mg 

Result 

0 1 

08 

Pigeon died 

02 

08 


03 

08 

»» »» 

04 

08 


0 5 

I 

08 

, survived 

00 

08 

. 

07 

08 

> t 
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From Table III it appears that 0 6 c c of Indian cobra antivenene is sujfficient 
to protect a pigeon of 300 giammcs weight against 0 8 mg of Cape cobra venom 

The results of experiments II and III clearly indicate that antisera prepared 
against the venoms of Indian cobra (Naza naia) and South African cobra {Nmafava) 
are mutually protective to a very marked degree 

Experiment IV Potency of Indtan cobra and Gape cobra anhvenenes against 
the venom oj handed halt (Bungarus fasciatus) — The next pomt studied was the 
neutralizing effect of these sera on the venom of another colubrine snake, the banded 
krait {Bungaius fasciatus), which belongs to the same sub-famdy Ehpinw as the 
genus Naia 

The mmimum lethal dose of B fasciatus venom was found to be 3 mg for a 
pigeon of 300 grammes weight The folio *v mg table shows the results obtained 
with this venom . — 


Table IV 


Cape cobra 
antivenene 
(concentrated) 
in 0 0 

B fasciahis 
venom in mg 

llESCLT 

Indian cobra 
antivenene 
(concentrated) 
in 0 0 

B fascxatus 
venom in mg 

Resow 

0 1 

3 

Pigeon died 

1 

01 

3 

1 Pigeon died 

1 

06 

3 

1 

>» 

06 

! ® 


1 

3 

j 

fi 


1 

3 

»> 

2 

3 



2 

3 

*> »> 

4 

3 

»> 


4 

3 

9* » 


It appears that neither Cape cobra antivenene nor the Indian cobra antivenene 
has any protective effect against the venom of banded krait and that B fasciatus 
venom is not even remotely related antigenically to the venoms of Naia naia or 
Naia flava 

Experiment V Ecemolytic properties of venoms of Indian and Cape cobra as 
tested in vitro — Red blood cells of various animals differ m then resistance to venom 
hasmolysis but for the same species of venom their susceptibility is more or es 
constant For mstance the venom of Indian cobra {Naia naia) will easily 
lysis of dog cells, while the venom of king cobra {Naia bungaius) will 
dog cells even when large quantities of venom are employed (Lamb, 1905) 
that the haemolytic action of venom is so specific as to differentiate ^ 

allied species of Indian cobras, this test of venom haemolysis was used to n 
any differences existed in the haemolytic elements of the venoms of Cape co 
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Indian cobra Red blood cells of dog, gumea-pig, rabbit, sheep, man, pigeon and 
horse were employed One c c of a 3 per cent suspension of washed cells vvas added 
to 1 c c of various concentrations of venom No complement or lecithin was added 
The results were recorded after 18 hours incubation at room temperature 


Table V 




Cape cobra venom in mg 


Indian cobra venom in mg 


One 0 0 oi 3 
per cent bus 
pension oi 
RBC of 

rH 

o 

10 0 

0 001 

0 0001 

o 

o 

o 

o 

o 


o 

0 01 

O 

O 

o 

0 0001 

0 00001 

Guinea pig 

CH 

CH 


— 

— 

— 

CH 

CH 

PH 

— 

— 

— 

Dog 

CH 

CH 

_ j 


- 

_ 1 

CH 

CH 

PH 

- 

1 

- 

Sheep ! 

- 

- 

- 


— 

— 

- 

- 

— 

- 


— 

Man 

CH 

CH 

- 

- 

- 

— 

CH 

CH 

PH : 

— 

i 

— 

Pigeon 

PH 

PH 

- 

- 

- 

- 

PH 

PH 

- 

- 

- 

— 

Horse 

tr 

- 

- 

- 

- 

- 

tr 

- 

- 

— 

— 

- 

Babbit 

PH 

— 

— 

— 


— 

PH 


— 


— 

— 


Note — CH=complete hasmolysis PH=partial b®moJv8is 
tr=trace bsmolys^B — = no hKinolysis 


It appears that both these venoms exert the same haemolytic effects on the 
erythrocytes of various species of animals This shows that their hsemolvtic 
principles are alike Further proof of this assertion was given by the following 
experiment — 

Experiment to ascertain if a serum prepared uith Cape cobra venom has any 
neutralizing effect on the hcemolytic action of Indian cobra venom and vice versa — 
One c c of 3 per cent suspension of dog cells was added to each tube containmc' 1, 
0 1, 0 01, 0 001, 0 0001 and 0 00001 mg of Cape cobra venom 0 2 c c of Indian 
cobra antivenene was then added and the tubes shaken and left for 18 hours at 
room temperature To another similar set containing Indian cobra venom plus 
dog cells was added 0 2 c c of Cape cobra antu eneiie Tlie results were as 
follows — 

With the exception of partial lysis m the tubes containing 1 mg of -venom no 
lysis occurred in the rest of the tubes, thereby showing that Cape cobra antiv enene 
could ]ust as effectively inhibit Indian cobra v enom hsmolysis as Indian cobra 
antivenene could inhibit Cape cobra venom hfemolysis 
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The autigenic principles must, therefore, be essentially the same to give rise to 
anti-bodies winch are reciprocally protective and equally anti-hsemolytic against 
the two venoms Taking into consideration toxicity, protection and ^h vitro experi- 
ments I am inclined to believe that both these cobras possess exactly the same type 
ot neurotoxin and heemolysin and that antivenene manufactured in India against 
'Eaia venom would be just as effective in cases of Cape cobra bites as if the 
antivenene had been raised against Cape cobra venom and vice versa 


Lamb, G (1906) 
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A NOTE ON WILLIAMS’ MODIFICATION OF EIJKMAN’S 
TEST AS APPLIED TO MADRAS WATERS 

BY 

Major W J WEBSTER, m c , i m s 
(From the King Institute, Gmndy ) 

[Reoevved for publication, August 21, 1934] 


Eijkman’s test has been found unreliable m this laboratory (Webster and 
Raghavachari, 1934:) It was frequently negative when the sample of water under 
test could not be considered ‘ safe ’ from a knowledge of local conditions and the 
results of other tests To confirm this finding, forty pure cultures of different 
strains of true coli recently isolated from water have since been tested in Eijkman’s 
medium at 46°C Only 23 produced acid and gas within 48 hours 

A modification of Eijkman’s medium for which certain advantages are claimed 
has been reported from America (Williams et al , 1933) Eor 10 c c quantities of 
water they used 5 c o of a medium containing peptone (Witte) one per cent, beef 
extract 0 6 per cent and dextrose one per cent, with a pH of 6 6 Using 10 c c and 
1 c c quantities of water they compared the new medium with standard methods 
They found that the new medium detected in 24 hours at 46°C all samples which 
were shown by standard methods to contain faecal coh In fact the new medium 
showed up true coh in some samples which were passed by standard methods Not 
only so but the number of false positives was much less They claimed that with 
the lesser amount of carbohydrate in the new medium there was less acid production 
and all the true coh survived 

Usmg MacGonkey’s bile-salt (1 5 per cent) lactose broth we are not seriously 
troubled with false positives in this laboratory In other words, when there is acid 
and gas in the 48-hour MacConkey broth culture we can generally demonstrate true 
coll after plating We, however, follow up six or ten colonies In a recent study m 
this connection (Raghavachari and Sitarama Iyer, 1934) it was found that of 338 
lactose fermenters isolated from positive MacConkey broth cultures 68 7 per cent 
were true coh (M R -f , indol+) Agam of 67 samples giving a presumptive 
positive at 24 hours 66 yielded true coh (M R -}-) In over three-quarters of our 
samples the reading of the presumptive test is the same at 24 and 48 hours 

A short series of comparative experiments was done with 10 c c quantities of 
water using (1) MacConkey broth at 37°C , (2) MacConkey broth at 46°C and (3) 
Williams’ medium at 46°C The presence of acid and gas was noted after 24 hours 
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and the cultures, whether positive or negative, were plated out on MacConkey agar 
at the same time If lactose fermenters appeared two were selected and identified 
by the usual tests — mdol production, M R , V P , Koser’s citrate and the four 
sugars saccharose, dulcite, adomte and mulin 


Table 


GomparaHve tests on forty samples oj Madras waters (ten c c 

quantities only) 




coh only 

coh and 

cerogenes 

No lactose 

• 


cerogenes 

only 

fermenters 


1 Positive 34 

16 

7 

12 


MacConkey broth at 37'’C 

( Negative 6 



1 

6 


I" Positive 9 

1 



1 

1 2 

MacConkey broth at 46°C 

(Negative 31 

9 


1 

21 

Wilbams’ medium at 46®0 

J Positive 2 

1 



1 

( Negative 38 

6 

1 

1 

31 


The results are summarized m the Table Intermediaries have been grouped 
with cerogenes as there is no object in separating them in this particular case The 
lelatively large proportion of MacConkey broth cultures giving a positive presump- 
tive at 37°C and failing to show true coli on confirmation is misleading as only 
two colonies were followed up instead of the six or ten we use in routine work 
Only two positive presumptives m Williams’ medium at 46°C may be com- 
pared with 22 confirmed tests with MacConkey broth at 37°C Some negative 
tubes of Williams’ medium, however, yielded true coli on plating It appears tha 
cerogenes and intermediaries are inhibited almost entirely in Williams’ mediiim at 
46°C but that coli also often fails to thrive 

The results with MacConkey broth at 46°C were very irregular The ^ogenes 
and intermediaries were certainly almost completely elimmated but m no less than 
twelve instances samples showing true coh at 37°C gave completely negative tcsul s 
at 46°C In five cases confirmation gave true coh &om the tubes at 46°C and on y 
cerogenes from the tubes at 37'’C. This is explained by the inhibition of cerogenes i 
the former and the inadequate number of colonies followed up from the la er 
Once neopolitanns was recovered at 46°C when the presumptive test at 37 0 
negative 

Streptococci were sought for in all these cultures They were not ‘^^tecte m 
either of the sets of MacConkey broth cultures but five examples of heat resis 
streptococci were recovered from the cultures in Williams’ medium at 4fa O 
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The samples examined were chiefly well waters from the Madras Presidency 
but included examples of river, gallery, impounded reservoir and bore-hole wators 

Summary 

MacConkev bile-salt lactose broth has for many years been found satisfactory 
for the presumptive coh test on Madras waters and presumptive positives can 
generallv be coufirmed Williams’ modification of Eijlman’s test is found to be 
much less sensitive for the presumptive test Although it largely eliminates 
wrogenes and intermediaries yet it frequently fails to demonstrate true coh 
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STREPTOGOGOUS FMGALIS IN MADRAS WATERS 

BY 

Major W J WEBSTER, m c , i m & 

{From the King Institute, Guindy ) 


[Rficeived for pubbcation, August 21, 1934] 


As evidence of the pollution of water from the mammalian intestine the 
‘ microbes of indication ’ are Bacterium coli and its allies and the streptococcus 
(Eyre, 1930) Dihle (1921) concluded from his detailed study of mtestinal strepto- 
cocci that they may be divided into two groups The true enterococcus or 
Stieptococcus fwcalis is heat-resistant, surviving 60°C for half an hour, and often 
ferments manmte The non-heat-iesistant streptococcus is probably usually a 
surviving salivary form and often attacks laffinose 

Savage and Reed (1917), working in England, found streptococci to be present in 
about half of 443 samples of water when quantities ofOlcc orlOcc were tested 
Leiter (1929) on the other band, working in America, reported cocci to be rare in 
water-supplies Minett (1930) failed to find streptococci m the various raw waters 
in Hong Kong As a result of the vmik of Clemesha (1912) the presence of strepto- 
cocci in tropical waters is regarded as evidence of very recent pollution He found 
that although thev can be demonstrated in very small quantities of mammalian 
faeces (0 00001 g ) yet they are extremely rare in tropical water-supplies He also 
considered that streptococci die out rapidly in stored vater and that sunlight is not 
the important lethal factor It may be noted that Clemesha ’s faecal streptococci 
did not ferment mannite Houston (1932) described a technique for the isolation 
of heat-resibtant streptococci from the positive cultures m MacConkey bile-salt 
broth used in the presumptive test foi coh in water He noted that bde-salt is some- 
what inhibitory to streptococci Other i. riters consider that bile-salt inhibits some 
streptococci but not Str feccahs (Thresh et al , 1933) 

In this laboratory attention was directed to water streptococci by the unex- 
pected results found with Eijkman’s test (Webster and Raghavachari, 1934) We 
examined 60 samples of water by culture in Eijkman’s medium at 46°C followed 
by sub-culture on both MacConkey agar and on a plain lactose agar Streptococcus- 
like colonies were frequently detected on the plates of both media and m 16 cases 
these proved to be streptococci, capable of surviving half an hour at 60°C Only 
J. MR (_489 ) 5 
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twice were these recovered trom both plates relating to tbe same sample of water so 
they were apparently frequently missed Their reactions were as follows — 



Lactoso 

litmus 

Mannite 

t 

Bnffinose 

Reduction 
of nitrite 

From lactoso agar 





4 

A 

0 

0 

0 

1 

A 

0 

A 

0 

From MacConltey agar 


1 



6 

A 

0 

0 

0 

1 

1 

A 

0 

A 

t 

i 0 

2 

0 

0 

A 

0 

2 

0 

0 

0 

0 


Later a series of 40 tests with 10 c c quantities of water m Williams mo i- 
fication of Eqkman’s medium (Williams et al , 1933) yielded five es^pms o 
heat-resistant streptococci These failed to ferment either mannite or ramnose 

Eifty-five MacConlcey broth tubes giving a positive presumptive coU test with 
20 c c quantities of water after 24 hours’ incubation at 37 °C and selected at ran o^^ 
trom samples received for routme analysis were then tested for heat-resistant s ^ 

cocci after Houston’s procedure One c c was added to 9 c c steri e ' 
avoidmg side smearmg, and this was heated to 60°C for half an hour'' jSo s r p 
cocci were detected m sub-cultures of these on agar ^ 

It was then thought that perhaps streptococci missed by this method 
shown up bv some form of secondary enrichment A number of 20 o c sa P* 
water m MacConkey broth was, therefore, tested after 24, 48, 72 
37°C One c c was added to 9 c c sterile water and heated to 60 C tor na 
as before Instead of platmg this out at once, however, the mixture wa 
MacConkey broth and glucose broth respectively, 5 c c to each, ana a gPo^vn 
at 37°C these cultures were plated out on MacConkey agar Ihe resu 
in the Table. 
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Table 

Modified Houston's test for f cecal streptococci in Madras waters 

(Twenty c c samples, after enrichment in MacConkev broth tested by heat 
and secondary enrichment ) 


{a) Secondary enrichment in MacGonhey broth 


Pbimabi 

ENBICHMENT 

24 HOOES 

48 HOUKS 

72 HOtms 

1 

1 

96 HOTTRS 

1 

1 

Coh teat 

1 

Number 

Streps 

1 


Streps 

1 

1 

Number 

■ Streps 

1 

Number 

1 

1 

1 Streps 

Presumptive 

positive 

79 

1 

69 ! 

1 

52 


i 17 


Presumptive 

negative 

70 


64 


36 


12 


Totals 

149 

1 

133 

1 

88 

■ 

29 



(b) Secondary eniichment in glucose bwth 


PniMABY 

enbiohment 

24 HOOES 

48 nouES 

72 HOURS 

96 HOURS 

Colt test 

1 Number 

1 

Streps 

1 

Number 

Streps 

1 

1 

1 Number 

Streps 

Number 

Streps 

Presumptive 

positive 

46 

1 

43 ' 

4 

32 

1 

16 


Presumptive 

negative 

26 


33 


u 

1 

2 

8 

1 

Totals 

71 

2 

1 

76 

4 

46 

3 

23 



Streptococci were certainly recovered occasionally but it is certam that they 
were more often missed Only once were they detected in the same sample after 
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botli forms of secondary enriclimcnt and only once did they appear in more than 
one of tlie tests on the same sample with the same enrichment procedure Most of 
the samples were tested on three occasions Glucose broth was the more successful 
medium for secondary enrichment Most of the sub-cultures from MacConkey 
broth were sterile but, as might be expected, sub-culture from glucose broth often 
showed up Gram-positive spore-bearers Streptococci when detected were usually 
in pure culture and showed as tiny bright led or pale pink colonies on MacConkey 
agar 

The numbers are too small to decide which period of primary incubation u as 
most successful but streptococci were actually recovered at the 24-, 48- and 72-hour 
periods In three cases a sample positive for streptococci had given a negative 
presumptive for coli The strains isolated were all mannite negative but four 
produced acid in raffinose It was noticed that at least five of the strains had 
attacked mannite after 7 2 hours The various samples showing streptococci included 
examples from all the usual sources of water-supply — ^rivers, weUs, tube-wells, 
galleries and impounded reservoirs — and there was one positive in a sand-filtered 
water 

Some experiments on the longevity of these streptococci in stored water were 
commenced The cultures were recently isolated from water The 24 -hour growth 
from half an agar slope was added to a Wmchester quait bottleful of sterilized water 
and this was stored m the laboratory in diffused daylight at a temperature usually 
between 86°F and 95°F Samples were taken every few days The longest 
periods after which the streptococci were recovered w’ere 16 days in the case of 
distilled water and 20 days in the case of river-water 


SUMMAKY 

Streptococci with the heat-resistant character of Sit fcecahs are 
uncommon in Madras waters They have been demonstrated in 10 c c^or 20 c c 
quantities in 19 samples of water out of 100, in glucose broth cultures at 46°C They 
are regularly maunite negative but sometimes attack raffinose Some strains 
fermenu manmte later than the orthodox 48 hours These streptococci may survive 
m stored water for at least 20 days 

They are not detected in the course of the routine bacteriological ex^mation 
of water and have not been recovered from cultures m MacConkey broth hy Bous on ^ 
procedure By a modification of Houston’s method, introducing secondary 
ment after heating, an occasional sample could be proved to contain feca s i ^ 
ococci A reliable method of demonstrating these streptococci when present '“I® ’ 

how'ever, been devised The most promising procedure unfortunately req 
incubation at 46°C — a serious drawback for routine work 

The author, who has had to stop this work owing to transfer, has 
preliminary report to draw attention to the possibility of useful m tjic 

obtained by further study of faical streptococci in tropical waters At P 
bacteriological evidence of the fsecal pollution of water is almost ^ for 

demonstration of coh Some test of a confirmatory nature, sunp e 
adoption as a routine, would be welcomed by all water bacteriologis s 



T'F J Wehstei 


493 


REFERENCES 

Cmmesha, W W (1912) ‘ Tho bacteriology of surface waters m tbe tropics ’ 

London 

Bible, J H (1921) Jout Path d. Bad , 24, p 3 

Eyee, j H W (1930) ‘ Bacteriological Technique ’ London 

Houston, A (1932) Ann Bep JJelropol TFalcr Board 

Leiteb, L W (1929) Anier Jour Eyg , 9, p 705 

Minett, E P (1930) Trans Roy Soc Trap Med d. Eyg , 23s p 609 

Savage, W G , and Reeh, W J (1917) Jour Eyg , 15, p 334 

Thbesh, j C , Beale, J F, and Suck ‘The examination of waters and water supphes ’ 

ling, E V (1933) London 

Websteb, W j , and Raghavaohaei, Ind Jour Med Res , 21, p 526 
T N S (1934) 

Williams, W L , Weaveb, B H , and Amcr Jout Eyg , 17, p 432 
SOHEBAGO, M (1933) 




Ind Jour Med Ees , 22, 3, January, 1936 


BLOOD GROUPS AND HEREDITY 

BY 

Captain P N MITRA, mb, d t m 


[Received for publication, September lS, 1934 ] 


The object of the present short note is to bring forward some evidence of the 
hereditary transmission of blood groups The materials dealt with by me relate 
to two thousand individuals at Dibrugarh, Assam, and include both healthy and 
sick The latter were consecutive cases reporting sick at a hospital as out-patients 
and admitted cases The former comprised chiefly medical students On the 
whole the population dealt with might be taken as a fan sample of the population of 
upper Assam although many of the students will have come from other areas 


Grouping technique applied 

The slide technique was used A glass slide was marked into three areas with a 
grease pencil A drop of group A serum, group B serum and normal saline was put 
on each area Two drops of a 5 per cent suspension of red blood cells in normal 
salme were then added to each drop and the contents intimately mixed The 
result was read with the naked eye and doubtful results were checked by the 
microscope 

In the event of a very feeble reaction the result was checked by another serum 
or two of the same group Whether the blood groups are transmitted hereditarily 
or not could be proved m two ways, directly or mdirectly — 

(1) By the direct method one would have to work out the blood groups of 

both parents and children This method there has been no oppor- 
tunity of applpng to the present series 

(2) The mdirect method is based on the assumption that if m a commumty 

the number of persons of groups A and B are knowm then the number 
of persons of group AB, which has arisen out of a combination of 
groups A and B, can be calculated 

Von Dungem and Hirs/feld (1910) who studied this question concluded that 
the blood-group component is transmitted through two independent pairs of Chromo- 
somes and they published a formula for calculatmg the probable number of persons 
of group AB On the other hand Bernstem (1925) thought that the hypothesis of 
three allelomorphs, viz , A, B and 0, combining with each other tw o by two and 
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located in tlie same part of tire chromosome agrees more closely with the facts He 
also published a formula for finding the number of persons of group AH Both 
these indirect methods have been applied in dealing with the figures collected for 
this inquiry These figures are given below — 


Blood group 

l^umber in 
blood groups 

PercentagD oi 
j total 

A 

491 

2155 

h 

651 

32 55 

AB 

1S5 ’ 

9 25 


<S| ' 


0 

673 ! 

1 

33 05 

Total 

2,000 



On Von Dungern’s hypothesis, as modified by his pupils Halbar and Mydlarski 
(1923) 

let p = frequency of A (agglutinogen) 

2 = „ „ a (agglutinin) 

r — 5, „ B 

s = ,, ,, h 


Then p + 2 = 1 (p + 2 )^ = 1 r + s == 1 or (r + s)^ = 1 

or (p + 2 )^ (r + s)2 = 1 or (p^ -f- 2pq + q^) (r^ + 2rs d- «") = 1 
or 4- 2p2rs + p^s^ -}- 2pg)2 -j- i^pq'is + 2p2S^ d~ 2^’^ 

+ ^252 1 


Group 0 — 

„ A — p2s2 -f 2pg's2 = §2 (p2 2jjg) = §2 (!■ — 2“) 

„ B = q^r^~\-2^rs = (i2 -}- 2?s) = 2 ^ (1 — 

„ AB — p2}2 2pgj2 -}- 2p2?s d- dpffis = (1 — 2^) 


From the first three above s2 and q"^ are calculated 


s2 = 


0 


0 + B 


and 


o 

0+4 


AB= ( 1 - 

= (i- 
= (i- 


O + A ) V 0 + B ) 

33 65 d / 1 - ^ 

33 65 + 24 65 j V 33 65 + 32 65 / 

33 65 ^ / T 33 65 \ 24^ ^ 32 55 

582 / V 66 2 68 2 ^ 66 2 


= 0 20 or 20 per cent 

This IS much above the observed percentage which is 9 25 only 
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According to Bernstein’s theory the calculation will be as follows — 

Let p = frequency of A 
q = „ „ B 

r — „ „ 0 

Then p + 3 + = 1 or (p + g + r)^ = 1 or p® + 2^ + ^'^ + 2p3 + 2pr + 
2qr = 1 

• Group 0 = r® 

„ ^ = p2 + 2pr 

„ B= g2_{.25r 
„ AB = 2pg 

Group 0 + Group A = r^ + p^ + 2pr = (r + p)^ or r + p 
= V Group 0 + Group A 

or p = V Group 0 -j- Group A — r — V Group 0 + Group A — 

(i-i^-2) 

or g = 1 — V Group 0 + Group A 
Similarly p — 1—V Group 0 + Group B and r = V Group 0 
So Group AB — 2pg=2 X (l — Group 0 + Group B) 

(1 — V Group 0 4- Group A) 

== 2 X (1-Vo 3365 + 0 3255) (l-V 0 3365 + 0 2456) 

= 2 X (1-a/O^) (I-VO 6820“) = 2 X (1-0 81) (1-0 76) 
= 2 X 0 19 X 0 24 
= 0 0912 or 9 12 per cent 

The observed percentage bemg 9 26, the agreement is very close 


Conclusion 

The human blood group factor, as observed at Dibrugarh, is transmitted by 
heredity, according to the triple allelomorph theory of Bernstein 
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The spectrograpliic method of analysing biological materials is regularly 
employed m tins laboratory both as a routine and for research purposes Milk is 
among the various food-stuffs recently analysed in this tvay The present paper 
records the results obtained with human milk and with that of the cow, goat and 
buffalo 

The analysis consisted m — 

(a) Examination for mineral elements that are not detectable by ordinary 

chemical methods 

(b) Estimation of the vitamm A content of the mdk 

The detection of the elements was done by the method of emission spectra, 
while the estimation of vitamin A was made by the method of absorption of light 
waves in the ultra-violet region of the spectrum 


PART I. 

Emission Spectra 

Material — The materials used in this study consisted of five samples of each 
variety of milk, viz , of cow, goat, buffalo and woman Ten to twenty-five cubic 
centimetres of fresh milk were dried slowly m a sihca cnicible at a low temperature 
over a small Bunsen flame Special care was taken to avoid any contamination 
with foreign materials The dried contents uere then heated in an electric muffle 
furnace and converted into ash Quantitative estimate of the ash content of the 

( 499 ) 
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different varieties of milk was made for two samples of each witk the following 
results — 


Table I 


Variety of milk 

Quautitj' 
of milk 
ashed 
in c c 

Percentage 
of ash in 
sample I 

Percentage 
of ash in 
sample 11 

Mean peiccutagc 
of ash 

(1) Human milk 

1 

10 

i 

0 30 

1 

0 28 

0 29 

(2) Cow „ 

25 

0 60 

0 74 

0 67 

(3) Buffalo ,, 

25 

0 72 

0 66 

1 

0 69 

(4) Goat „ 

25 

1 

1 0 80 

1 

1 0 85 

0 825 

1 


The above findings agree -with those of Heubner, Heineman and others quoted 
by Hutchison (1916), Morse (1927) and Clacton (1932) The ashes were finely 
powdered m an agate mortar and stored carefully until subjected to spectro- 
graphic analysis 

Technique. 

The technique of obtaining emission spectra of the ashes was essentially that 
described in a previous paper (Boyd and De, 1933) Twenty-five mg of each ash 
(only 10 mg in the case of human millc ash) weie transferred to a suitably prepared 
H S brand graphite electrode and the arc struck, using a current of 6 amperes at 
220 volts D C The spectrograph used was Hilger’s all-metal medium-sized quartz 
spectrograph, E316, with internal wave-length scale In juxtaposition to each 
spectrum a photograph of the internal wave-lenglfi scale was taken to enable the 
spectral lines to be read conveniently To ensure the accuracy of such readings, 
a spectrogram of R U powder was also taken on each plate, thus enabling the 
position of unknown spectral lines to be detected accurately To guard agains 
any impurities in the electrodes, a blank spectiogram was taken on each pla c 
The spectrograms were searched for ‘ Raies Ultimes ’ of the elements li steel m 
Table II Though the elements were detected qualitatively a rough quantita ive 
comparison had been made for certain elements by spectrographmg eqmva en 
amounts of different milk ashes The figures in Table I, and those of Heubner an 
Heineman, show that the percentage of ash in human milk is low, being only ro 
one-third to one-half of that in other milks Hence to compare roughly the ana y 
tical results 10 mg of the human milk ash was spectrographed, while 26 mg ve 
taken in other cases 


Discussion and Results 

Blumberg and Rask (1933) have made a similar analysis and quoti 
graphic findings by AVright and Papish (1929) and Zbmden (1931) for a , 
specimens of cow milk from the United States of America, brea 
and widely distributed European sources The elements, calcium, 
sodium, potassium and phosphorus, were found m large quantities m a 
samples examined The complete list of elements, detected by these inve^ 
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include Al, Ba, Or, Cu, Be, Pb, Li, Mn, Bb, Si, Sr, Sn, Ti, V and Zn Ag was also 
detected in some linman milks Their results agree with respect to a few elements 
and differ widely m regard to the presence or absence of certain other elements 
The purpose of the present communication is to record a new set of data (qualita- 
tive) on the biologically rare elements present in different Indian milks 

These data are as follows — 

(1) The elements Na, Ca, Mg, P, K, Cu, Be, Al, B, Mn, Pb, Ti, Y and Zn 

were detected in all milk samples examined 

(2) Ba, Co, Ni and Sn vere absent in all, and the presence of Cr, Li, Rb and 

Sr vtas doubtful 

(3) Ag — the presence of silver was doubtful m tuo samples of human millc 

(4) Si — this element was present in cow milk m large amounts, while its 

presence was doubtful m other cases 

(6) P — this element v as the least plentiful in human milk (Morse, loc cit ) 

(6) Ca — was most abundant m buffalo milk, least so in human milk 

(Morse, loc cit ) 

(7) Cu and Be~maximum m human milk — minimum m buffalo and cow 

milk (Wallgren, 1933) 

Table II shows how the above qualitative results compare with those of pre- 
vious workers, omitting Ca, Mg, P, K and Na concerning the presence of which in 
milk there is no question 


Table II 


Symbols 

Wright and 
Papisb 

Zbinden 

i 

1 Blnmberg 
and Rash 

1 

Drea 

De 

Al 

+ 

+ 

I 

1 / 

i 

+ 

Ba 

— 

0 

; + 


— 

E 

+ 

0 

+ 


4" 

Cr 

; — 

+ 

— 

i 4" 

? 

Cu 

+ 

i + 

1 + 

+ 

4" 

Fe ! 

+ 

1 + 

1 + 

i — 

! + 

Pb ' 

- 


I _ 

' + 

+ 

Li 

+ 

i 0 

+ 

+ 

i ? 

1 '• 

Mn 

+ 

+ 

1 ’ 

1 — 

1 + 

Rb 

+ 

0 

+ 

! + 

‘ ? 

Si 

+ 

- 

? 

? 

-f 

Sr 

+ 1 

0 

+ 

+ 

1 

Sn 

— ! 

+ 

— j 

+ 


Ti 

+ 

“4* 

+ ' 


+ 

V 

+ 



+ 

+ 

Zn 

+ 


+ 

( 

-r 

+ 


+ = present , nljscnt , 0 — not tested {or , ’ = doubtful 
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To the above list of elements Drea (1934) adds silvei and molybdenum These 
be detected only m milk of cows diiukmg water and eating alfalfa containing 
strong traces of silver and molybdenum 


PART II. 

Estimation of Vitamin A Values. 

This part of the present communication records the results of experiments on 
the quantitative determinations of vitamin A of different varieties of mdk by the 
spectropbotometnc method The constant presence of a band at 3,280 A U in 
the absorption spectra of substances which restore the normal gio'wth of rats 
deprived of vitamin A, has suggested to many authors the possibility of measuring 
the quantity of vitamin A present by the mtensity of this absorption band Morton 
et al (1931), comparing the values of biological tests for vitamin A with 
spectrographic and colorimetiic deteimmations, found satisfactory agreement 
between the biological and physical tests Chevallier and Chabre (1933), working 
with fish oils, report that if the pigments and free acid contents of the materials 
be low or be previously removed by alcoholic extraction the intensity of the band 
at 3,280 A tJ permits very accurate measurement of the vitamin A 

Macwalter et al (1934) prefer to use the unsaponifiable fraction for such 
estimations 


Materials and Technique. 

The vitamin A values have been estimated in each of five samples of cow, goat, 
bufialo and human milk Twenty c c to sixty c c of milk were allovved to soak 
into a sheet of blottmg paper , the sheet was then dried and the fat extracted with 
ether in a Soxhlet apparatus Three different procedures were tried to prepare the 
materials for spectropbotometnc study These "were (1) to examine the fats 
directly (in ether solutions — of suitable strength), (2) to examme the same aftei 
several alcoholic washes and (3) to examine the ether extract of the unsaponifiable 
fraction 


The first two procedures had to be re 3 ected as the materials obtained by these 
methods showed too much irrelevant absorption at 3,280 A U and m the shorter- 
ultra-violet region The last named procedure was found satisfactory and 
been used m the present investigation 

The far was saponified under reflux for about 45 minutes with 16 c to ® 
of 10 per cent alcoholic potash Fifty c c of water were added and h-h® Jri x 
was cooled to 0°C m ice About 50 c c of ether were then added, ^ 

an addition of 100 c c cold water The mixture (in a separating tunne j 
thoroughly shaken and, when ether separated out in about 3 to ^ gsgive 

drawn off and the aqueous alcoholic potash was then extracted thr^ ^ 
tunes with additional portions of ether of 30 c c each The combine^ 
tions were thoroughly washed with water repeatedly and then concerf 
requued volume by means of an electric filament lamp heater 
have been prepared for all and some are shown here (higs i to 

purposes 
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Wave-length in Angstrom units 


Fig 1 Absorption curve of cow milk fnt, spectrographed directly The fat 
from 30 c 0 of fiesh milk was dissolved in 60 c c ether 



Wave-length in Angstrom units 


Tig 2 Absorption curve of cow milk fat The fat from 25 c c of fresh milk was 
repeatedly washed with alcohol, and dissolved in 50 c c ether 



Extinction coefficient 




■Wave-length tn Ancjstrdm units 

Fig 6 Absorption curve o{ goat milk fat The unsapomfiable fraction of the fat from 
30 0 c fresh milk ivas extracted with ether and the hnal solution concentrated to 6 c o 


Wave-ien^tJi in Angstrom units 


Fig 6 Absorption curve of buffalo tmlk fat The unsaponifiable fraction of the fat from 60 o c fresh 
milk was extracted with ether and the solution concentrated to 10 c c 





Extinction coefficient 
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Absorption pictures were taken witb Hilger’s medium-sized quartz spectro- 
grapb, E316, equipped with the rotating sector The source of light was a spark 
(4 mm gap) between steel-tungsten electrodes The voltage was 16,000 and the 
mitial exposure 10 seconds The liquid containers were 1 cm quartz cells 

Absorption curves have been prepared for a sample of cod -liver oil Vitamin 
A content of milk has been compared to it Drummond et al (1932) isolated a 
pure sample of vitamin A and found that one physiological rat dose lies between 
0 1 y and 0 6 y of their pr/'parations Carr and Jewell (1933) have been able to 



isolate a purer sample which is the purest preparation of the ^ ) 

known It showed an absorption band at 3,280 A U (Carr and 
the extinction coefficient for one per cent solution in 1 cm cell being Ij 
figure of Carr and Jewell has been adopted here as a standard of " q 3 y 

calculations of the vitamin A content of milk in absolute units Assuntii g 
(mean of 0 1 y and 0 6 y , Drummond et al , loc cit ) as an average r 
vitamin A content of milk has also been expressed in U S P rat units 

The data set out in the last three columns of Table III show 933) 

human and buffalo nulk contain similar amounts of vitamin A 
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reports results of biological tests by jFaben, Sandiccbi, MacLeod and others, that 
vitainin A activities of ev e, cow, ass and human milk are similar and be between 1 3 
to 2 rat units per gramme 


Discussion and Summary. 

The results of the present investigation agree with available biological data 
reported by previous workers The spectrographio method of determining the vita- 
min A content of milk is very useful , it is much quicker than biological tests and 
gives equally reliable results provided sufficient care be taken to remo\e pigments, 
fatty acids and other irrelevant substances from the materials under test 

The present observations were restricted to human, cow, goat and bufialo 
milk, since these are the only milks m common use in India No consideration has, 
however, been made regarding the dependence of vitamin A and the mineral cons- 
tituents of milk on season, localit}'' and diet According to Macy el al (1927), Luce 
(1924) and Chick etal (1926) the qualities of milk do depend on such factors 
Hence the result of the present investigation represents only the average com- 
position of milk The results observed can be summarized as follows — 

(1) Human, cow, goat and bufialo milk contain similar quantities of 

vitamin A Vitamin A content per 100 c c of each variety of milk 
lies between 60y and 106y (average 71 3y or 238 rat units) and is 
equivalent to 0 15 g to 0 2 g of cod-liver oil 

(2) Human milk is richer in copper and iron than the other milks examined. 

but it is very poor in phosphorus and calcium 

(3) Cow milk is richer in calcium and poorer m fie and On The element sili- 

con IS plentiful in cow milk but its presence is doubtful in other milks 

(4) Bufialo milk is poorer in non, copper and manganese, but richer in 

calcium, magnesium and sodium 

(6) Goat milk, unlike mdk from other species, contams all the elements 
concerned in fair amounts 
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The present paper records the results of experiments on the quantitative 
estimation of the vitamin A content of some common oils and fats According 
to Morton et al (1931), Chevallier and Chabre (1933), Macwalter et al 
(1934) and others, vitamm A has a specific absorption band at 3,280 A TJ , 
and if sufficient care be taken to remove pigments, fatty acids and other 
interfering substances from the materials under test, the absorption band 
at 3,280 A U permits of very accurate estimation of their vitamin A values 
Careful spectrographic observations gave results m close agreement -with 
those obtained by biological tests Crews and Cox (1934), Lindholm (1934), 
Bowden and Snow (1932), Edisbury et al (1933) and numerous other u orkers 
established the specificity of this band for vitamin A and also adi ocated the 
use of such methods for vitamin A assay Since purevitammA was not available 
for purposes of comparison, the results reported so far were only comparative 
Drummond et al (1932) reported that they had isolated pure vitamin A which 

gave E - ^=1,350 Since then experiments have been done by others 

(Baumann and Steenbock, 1933), to express the vitamin content of different materials 
111 absolute units Recently Carr and Jewell (] 933) claimed to have isolated a 

purer concentration of vitamin A which gave E Accepting this 

value as a standard of comparison, the vitamin A contents of some oils and fats have 
been determined and the results of these determinations are reported in the present 
communication Baumann and Steenbock {loc cit ) quoted results of biological 
tests bv Euler and Karrer (1931) and Drummond et al {he cit ), according to u hich 
one phvsiological rat dose of pure vitamin A lies between 0 ly to 0 5y Taking 0 3y 
(average of 0 ly and 0 5y) as the basis of calculation the \itamin A content of the 
various oils and fats examined lias been expressed in rat units 

( 509 ) 
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Technique. 

Details of the method of absorption spectrography and of preparing materials 
for photometric use are essentially those described previously (Sankaran and De, 
1934 , De, 1935) One to ten grammes of the materials were saponified with 10 
per cent alcoholic potash and the unsaponifiable fractions extracted with ether 
A solution of suitable strength of_this extract was then spectrographed In a few 
cases (butter, ghee, mustard oil, shark od) the ether extracts were found to be 
coloured , these were slightly acidified with a few drops of dilute hydrochloric acid 
and filtered through charcoal The filtrate obtained was colourless and has been 
used for the spectrograpluc study In addition to examinations of the unsaponifiable 
fractions as stated above, some independent experiments were done to prepare the 
materials by washing repeatedly with alcohol (Chevallier et al , loc cit ) The 
materials thus freed from pigments and fatty acids were dissolved in ether and 
examined spectrographically The results obtained by this method for some fish 
oils agree closely with those for their unsaponifiable fractions The method was, 
however, quite unsatisfactory for butter and ghee That this method is not suitable 
for milk fats has been noted in a previous communication (De, loc cit ) 

The spectrograph used was Hdger s all-metal medium-sized quartz spectro- 
graph, ESI 6, with internal wave-length scale, in conjunction with the rotating 
sector The source of light was a spark (4 mm gap) between steel-tungsten elec- 
trodes The voltage was 15,000, mitial exposure 10 seconds , the liquid containers 
were 1 cm quartz cells 

Absorption curves have been prepared for all , some are shown here for lUus 
rative purposes (Figs 1 to 7) 




N. K De 


c 

3 

g 0-4 
3 o-Z- 


wave-length tn An^tram units 

Fi" 2 Absorption carve of 1 per cent solution of cod liver oil The oil was re 
peatedly washed with alcohol and then dissolved in ether 



2400 2 

Wavc-lengUi in An^lrom units 

Fiq 3 Absorption curve of haUbut oil (1 capsule in 400 c c of ether) The unBanomfiable 
fraction was extracted with ether 



Extinction coefficient 



VVavelengUi in An^trdm units 

curve o£ J j per cent solution o£ sardine fish oil The unsaponihable fraction 

was extracted m ith ether 



Fig 5 Absorption curve of 4 per cent solution ol sardine hsh oil 
first repeatedly v;;ashed with alcohol and then dissolved in ether 


Iho oil was 


/ 


16 



wava-length m Angstrom units 


Fig 6 Absorptiott curve o£ buttei, 30 jicr cent solution in ether The unsaponifiablo 
iraotion was extracted with ether 



Fig 7 Absorption curve ol 1 per cent solution of oh\e oil The unsaponifiabli. 
fraction was extracted with ether 


The Tabic gives all the observed data column 6 gives the vitamin A content 
m absolute units and column 7 in rat umts It is to be noted that the figures 
m columns 6 and 7 agree — 





Quoted from tho results reported’in a previous communication {De, lac al ) 
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Discussion and Summary. 

The results of the spectrophotometric analysis reported in this communication 
agree f^rly well with available biological values None of the vegetable oils 
examined seemed to contain vitamin A in quantity sufficient to be detected by this 
method Considering the many drawbacks, difficulties and tediousness of biological 
tests, the spectrophotometric method, with the necessary precautions, seems 
to be a very valuable adjunct to biological methods of assay The findings may be 
summarized as follows — 

(1) The vitamin A values for some oils and fats are given in absolute units 

and also in rat units 

(2) The vegetable oils e'xamined do not contain vitamin A in quantity suffi- 

cient to be detected by this method 

(3) The method of using unsaponifiable fractions seems to be applicable 

universally 

(4) The method of alcoholic washing was suitable for some fish oils only, 

while it \\as quite useless for milk fats 
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In continuation of oar work we re-iuvestigated the reaction of HNO 3 , HNO 2 
and SO 2 on the oxytocic hormone of the pituitary gland and the assay was carried 
out according to an improved technique Solvents like pyridine, ethyl alcohol 
chloroform and acetone have been studied to find if the oxytocic hormone can be 
separated from some inactive materials by such means Some of tne results 
obtamed are somewhat at variance with those obtained previously (Cuba and 
Chakravorty, 1933) 

Experimental 

The material was prepared from bovine pituitary glands according to the 
method previously described (Guha and Chakravorty, loc cit ) The samples w ere 
assayed with some modifications in the method pre\ lously described by us (Das and 
Guha, 1934a and 19346) Strict care was observed in selecting the uteri from our 
laboratorv-bred animals kept segregated from male guinea-pigs from a few davs 
after their birth 
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Ohsetvatwns on the Chcnmstiy of Ox'ijtocin 


Treatment xviih HNO 2 {IlCI-{-NaN02} — To 6 c c ot tlie pituitary extract 
solution four drops of concentrated HCl and seven drops of 30 per cent NaNOa 
(excess as tested liy starcli-iodide paper) were added with stirring After a short 
interval it vas heated on a water-bath for five minutes and ultimately eA'aporated 
to dryness under reduced pressure 

The residue, which was yellow, was taken up m water and tested [P (128)] 

A control was made with 5 c c of the same pituitary extract by adding four 
drops of concentrated HCl and heating on a water-bath for five minutes The 
mixture was then evaporated to dryness under reduced pressure 

The residue, which w'as pink, was taken up in watei and tested [P (129)] 

Treatment with HNO 2 {0E3C00H'^NaN02) — To 2 c c of the pituitary 
extract were added five drops of glacial acetic acid and tJiree drops of 30 per cent 
NaNOg, keeping the mixture cool wuth lee throughout the experiment The 
mixture became turbid on addition of NaN 02 It was allowed to remain m the 
ice-chest for about three minutes and ultimately dried in the vacuum desiccator 
over CaCl 2 and soda lime The residue, which was yellow, was taken up m water 
and tested [P (134)] 

A control was prepared by exactly the same method without the addition of 
sodium nitrite [P (135)] 

Treatment with HNO 2 — Two c c of the pituitary extract were treated with 
nine drops of concentrated HNO 3 (Kahlbaum A R ) The solution became milky 
on addition of three drops of tlie acid but the precipitate dissolved on addition of 
more of the acid (Guha and Chakra vorty, loc cit ) The mixture was allowed to 
evaporate to dryness in the vacuum desiccator over CaCl 2 and soda lune The 
residue was taken up in water and tested [P (130)] 

Treatment with SO 2 — Two c c of the extract were diluted to 6 c c and cooled 
in ICC The washed SO 2 gas from a generator (Cu-l-H 2 S 04 ) was passed into the 
cold solution for about six minutes The solution which was saturated with bU 2 
was allowed to remain m the ice-chest for thirty minutes and finally e^aporated to 
dryness in a vacuum desiccator over CaCl 2 andj^soda lune The residue was taken 
up m water and tested [P (158)] 

Extraction with ethyl alcohol — ^Fifty mg of the dry powdered pituitary 
were heated under reflux with 3 c c of ethyl alcohol on a water-bath for fifteen 
minutes, filtered under suction while hot and the residue was washed with 1 c c 0 
cold ethyl alcohol The filtrate and washings w ere evaporated by means of a an 
and finally in a vacuum desiccator over CaCl 2 and soda lime The dry extract wa 
taken up m water [P (142)] 

The residue remaining after extraction with alcohol was dried in a vacuum 
desiccator and dissolved in water [P (143)] 

Extraction with acetone — By exactly the same method extractions were carried 
out with acetone and the soluble and insoluble tractions were^called P (146) an 
P (147) respectively 

Extraction with chloroform — Fifty mg of the dry powdered pituitary extract 
were extracted with chloroform in the same way as above 
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The cliloroiorra soluble and insoluble fractions were called P (1 44) and P (146) 
respectively 

Prolonged extraction with chloroform — Fifty mg of dry powdered extract were 
refluxed with 3 c c of chloroform for one hour on a water-bath The mixture was 
filtered under suction and the residue washed with 1 c c of cold chloroform The 
filtrate was evaporated to dryness liy means of a fan and the residue vas taken up 
111 warm water [P (1 50)] 

The residue after extraction was freed from traces of chloroform and dissolved 
in warm water [P (161)] 

Alkaline extraction with chloroform — Twenty-one mg of dry powdered extract 
were triturated in a mortar with 21 mg of sodium carbonate with a tiny drop of 
water to make a paste The paste was then extracted with 6 c c of cold chloroform 
and filtered The filtrate was evaporated to dryness by means of a fan and the 
small residue obtained was taken up in warm water [P (163)] 

Extraction with 'pyridine — Fifty mg of the dry powdered pituitary extract were 
heated under reflux with 3 c c of pvridine for fifteen minutes on a water-bath, 
filtered under suction and the residue washed with 1 c c of cold pyridine The 
filtrate was evaporated to dryness in a vacuum desiccator over concentrated 
H^S 04 The dry residue free from the smell of pyridine was dissoh ed in warm 
water [P (148)] 

The residue after extraction was also kept in the vacuum desiccator in order to 
remove traces of pyridine and was taken up m warm water [P (149)] 

The results are given in Tables I and II — 


TABLt I 


Number of 
samples 

Descriptions 

Percentage of 
(inactivataon 

P (128) 

Treated with HCl-pNaKO_ 

lot) 

P (129) 

Control inth HCl 

About 75 

P (134) 

Treated with CHjCOOH-(-NaNO. 

85 to 90 

P (135) 

Control with CHjCOOH 

0 

P (168) 

Treated with SO» 

50 to 60 

P (130) 

Treated mth HNO, 

100 
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Ohseivations on the Chemistry of Oxytocin 


Table II 


Number of 
samples 

Descriptions 

Percentage of 
activity 
retained 

P (142) 

Etlnl alcohol extract 

0 

P (143) 

Residui after extraction with etlul alcohol 

100 

P (144) 

Chloroform extract (fifteen minutes’ reflux) 

0 

P (U->, 

Residue after extraction with chloroform 

100 

P (150) 

Chlorotorm extract (one hour’s reflux) 

0 

1 

P [VA) 

\ 

Residue after extraction -nitli chloroform 

100 

p (n3) 

Chloroform extract in presence of NajCO, 

0 

P (146) 

Acetone extract 

0 

P (147) 

Residue after extraction mth acetone 

100 

P (148) 

Pyridine extract 

0 

P (149) 

Residue after extraction nith pyndire 

100 


Summary 

(1) Pyridine, etbyl alcohol, chlorotorm and acetone have not been able to 
dissolve or inactivate the oxytocic hormone under our experimental conditions 

(2) Nitrous acid in the presence ot concentrated HCl completely inactivates 
the oxytocic hormone while concentrated HCl itself has been found to inactivate 
the hormone considerably 

(3) Nitrous acid m presence of glacial acetic acid has been found to inactivate 
the hormone to the extent of 85 to 90 per cent under our experimental conditions, 
while glacial acetic acid by itself has practically no effect on the activity 

(4) Nitric acid inactivates the hormone completely 

(5) SO 2 inactivates the hormone by 50 to 60 per cent 
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In previous papers (Ohakravorty, Mooker]i and Guta, 1*^33 , Gtost, 
CUakravorty and Guta, 1933) it kas been shown that the hver oils of some common 
fishes of Bengal are rich m vitamin A, as determined by the tintometnc method, 
most or them being richer than cod-liver oii but less potent than ordinary speci- 
mens of halibnt-hver oil It was pointed out, however, that the values determined 
biologically in prelumnary esperimeiits did not agree well with the Carr-Pnce blue 
values of the ods and it was suspected that some other ohromogen besides vitamin A 
might be present in those oils (Chakravortj-, Mookerji and Guha, loc cit ) Some 
of the oils have since been investigated in detail biologically and tintometrically 
and the results are recorded in the present paper 

The problem of the relative reliabdity of the biological, tintometnc and 
spectrographic methods for the estimation of vitamin A has been the subject of 
several investigations during recent years and attempts have also been made to 
increase the accuracy of these methods (Conard, Dyer, Morton and Gaddum, 1931 , 
Coward, Dyer and Morton, 1932) But though much advance has been made, 
the problem still presents difficulties The results obtained with the Indian fish 
liver oils display some but not good agreement between the blue values and 
biological values A strict comparison is, however, rendered difficult because of 
the large individual variations observed in the biological method itself, which 
has been especially imestigated bj Coward elal (loc mi) 

Dann (1932) has investigated the stability of i itamin A in different solvents 
and Dyer, Key and Coward (193 i) have lately shown that the biological activity 
j, MB ( 521 ) 7 
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Yitamw A Yahies of hnlirni Fish Liver Oils. 


of the international standard of carotene depends to a great extent on the sohent 
used Our work also shows that the ohsci\ ed Inological potency of the Indian fish 
Ii\er oils varies greatly with the diluent used Alcohoh ethyl acetate, chloroform 
and arachis oil have been used as vehicles for the administiation of the oils 


Experimental 

The biological assay of vitamin A in the fish liver oils was carried oat according 
to the technique described befoie (Ghosh and Gnha, 1934:) The liver oils were 
extracted in the usual way b)’' grinding up tlie livers wnth anhydrous sodium 
sulphate followed by extraction vith cold chloroform 

The diluents used for the liver oils ivere etliyl alcohol, ethyl acetate, 
chloroform and arachis oil, of which the first did not dissolve the oils completely 
The first three solvents weie blown off by means of a fan at room temparature 
just before administration to tlie animals Arachis oil prepaiations were fed as 
such 

The standard used for comparison was a sample of the international standard 
of carotene, which we dissolved in ethyl acetate The potency ot the carotene was, 
however, found to be considerably less than it was supposed to be The figures for 
the different oils were computed by comparison with this sample of carotene and are 
given in Table I These values are compaiable among themselves, though the 
absolute values in terms of international units would probably be different if a fresh 
and more potent sample of the international standard of carotene w ere available 

All the rats used were females except rats hTos 597, 442, 498, 605, 359, 406, 
411 and 497 No attempt has been made to take the sex factor into account 


Table I 
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Table l—conti 


5S3 


Names o£ prepa 
rations and 
diluents 

Rat 

number 

Daily 
dose 
(in mg ) 

Expt 
period 
(in weeks) 

Weekly 

average 

growth 

(in g ) 

Mean 

weeklv 

average 

growth 

(in g) 

International 
units of 
vitamin A 
(per g ) 


654 

40 

35 

45 




558 

40 

36 

0 



K L 0 (6) , 

(ethyl acetate) 

661 

40 

4 

3 

65 

468 


688' 

40 

3 5 

10 




695 ‘ 

40 

35 

4 5 

1 



639 

36 

3 

0 




6U 

36 

3 

0 



K L 0 (8) 

642 

36 

3 

6 

43 

397 

(ohloroEorm) 

045 

36 

3 

4 




651 

36 

3 

4 




681 

36 

o 

33 




636 

36 

3 

1 

\ 



639 

36 

3 

2 

1 


K L 0 (9) 

640 

1 

36 

3 

0 

25 i 

231 

(araohis oil) 

641, 

36 

3 

0 




6421 

36 

3 

3 



, 

680 < 

36 

3 

4 




437 

40 

3 

7 




442 f 

40 

3 

3 

f 



605 

40 

3 5 

6 

1 


* R L 0 (9) (ah . 

492 _ 

40 

2 

8 

[ ' 

475 

solute alcohol) 




493 

40 

25 

5 




502 

40 

25 

0 

t 



507 1 

40 

25 

5 




* Tl L 0 = B6h\l liver oil lIoSco Tohtla) All R L 0 prepurfitionc were made Ircm 
R L O (8) 
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Table 1 — concld 


Names ot prepa 
rations and 
diluents 


M L 0 (4) 

(ethyl acetate) 


Rat 

number 


Dailv 
dose 
(m mg ) 


602 

605 

616 

6^19 

642 

662 


36 

36 

36 

36 

36 

36 


Etpt 
penod 
(m Meeks) 


Weekly 
average 
growth 
(in g ) 


Mean 
weekly 
average 
growth 
(»> g ) 


International 
unite of 
vitamin A 
(pet g ) 


4 


0 


4 

4 

4 

4 

4 


0 

2 5 

3 

4 


41 


I 


381 


M L 0 (6) J 

{ohloioform) 


V 


592 

640 

646 

649 

653 

678 

677 

678 


36 

36 

36 

36 

36 

36 

38 

36 


36 

0 

' 

35 

1 7 


35 

1 31 


36 

0 


36 

2 


35 

4 


36 

26 


36 

14 

4 


M L 0 (2) 

(ataohis oil) 


359 

406 

410 

4U 

436 


30 

30 

30 

30 

30 


3 

3 

3 

3 

3 


3 

1 

2 

1 

0 


18 


• V L 0 (3) (ab 1 
solute alcohol) ) 


V L O (4) 
(ethjl acetate) 


494 

495 
498 

496 

497 
600 
506 

493 

494 
505 
524 


22 ' 

35 

22 j 

35 

22 1 

35 

22 1 

35 

22 j 

36 

22 j 

35 

22 i 

i 

36 

1 3 

36 

3 

36 

1 

36 

' 3 


4 

5 

6 
4 

10 

4 

8 

7 

3 

3 

7 



V L 0 (5) f 

(chloroform) \ =;07 


36 

36 


35 

35 


4 

3 


) 


3 5 


200 


909 


404 


325 


* V L 0 =!Rcffi liver oil {Laics caknnfcr) 
V L 0 (^) 


All V L O preparations were made from 
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/ 

The tmtometnc estimation of the oils was carried out in the usual manner 
with the Lovibond tintometer of the British Drug Houses pattern (Chakravorty, 
Mookerji and Guha, he cit ) The dilutions of the oils in chloioform were so 
arranged as to gno in general blue unit figures between 4 and 8, the region where 
the relation between dilution and the intensity of the blue colour produced 
IS generally held to be most ucaily linear The Carr-Price values of the oils 
are given m Table II — 


Table II. 


Extract 

number 

1 

M" oil in 2 2 c c 
reaction mixture 

CoLoun inoDCCEP bi 

THF OILS V 1111 SbCl, 

1 

Carr-Prif e 
value 

1 

R 

Y 

N 


1 1 

4 

2 1 

04 

! 

1 


1 2 

49 

21 

04 


M L 0 (3) 

13 

68 

28 

04 

175 


1 0 

7 2 

33 

04 



14 

6 5 

28 

04 

J 


07 

34 1 

2 

05 



1 1 

46 

1 8 

06 


xv L 0 (5) • 

14 

54 

23 

06 

. 1 157 


1 7 

61 

24 

[ 

05 



2 

' 73 

24 

05 

1 

f 

0 8 

39 

1 

12 

04 

* 

R L 0 (8) i 

1 

5 

22 

' 04 

. 189 

1 

1 5 

66 

2 2 

04 

a 

f 

I 0 

7 5 

23 

02 

• 

7 L 0 (2) i 

09 

66 

23 

04 

. 293 

1 

08 

5 3 

21 

04 



Table III gives a comparison of the biological values obtained vi 
tethvl alcohol being used as the diluent) and their corresponding 
The ratios of t^he activities of Mi igal~, Rolnt-, Kalla- and Fe(^i-liver o s a 
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Older 1 11 13 20 as determined biologically and of tbe order 1 1 1 • 0 9 17 
as estimated tmtometricdlly — 


Table III. 


Extract 

numter 

Biological tests 
(international 
units) 

Colonmetnc tests 
, (Cart-Price value) 

M L 0 (3) 

1 

176 

R L 0 (S) ‘ 

475 

180 

K L 0 (5) 

>>83 

157 

V L 0 (2) 

009 

293 

Discussion 


Table III slion s that there is some agreement between the values obtained by 
the biological method of assay and those obtained by the tintometnc method 
The agreement, hov/ever, is not strict The order of accuracy of the biological 
method of assay is itself, honevcr, not high, as has generally been observed, 
because of fairly large individual variations A strict comparison between 
the biological and tmtometric methods is, therefore, difficult Some further 
investigations in progress, especially with the non-saponffiable fractions of 
the oils, are expected to tlirow some light on the question as to the presence 
of some other chromogen or chromogens besides vitamin A in these Indian 
fish liver oils Datta and Banerjec (1934) have lately investigated some Indian 
fish oils tmtometncalK and biologically and they report very good agreement 
between the biological and tintometnc values 


Summary 

The same samples of the liver oils of Katla, Roht, Mrxgal and Vetli fishes have 
been investigated for vitamin A content both biologically and tintometncally 
There is some but not strict agreement between the biological and tintometnc 
values obtained 

The biological activities of each of the oils in relation to the diluents used are 
of the following order ethyl alcohol, ethyl acetate, chloroform and arachis oil 
(the potency of T c/7.i-liver oil in arachis oil was not investigated) 
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Recent work on the photodynamic action of methylene blue in inactivating 
bacteriophage and tbe infective agents of various virus diseases (Clifton, 1931 , 
Perdrau and Todd, 1933, 1933a , Shortt and Brooks, 1933) led us to consider the 
possibility that a similar action might be brought about by exposmg the snake 
venoms to the action of methylene blue in the presence of light 

Should such be the case it envisaged the further possibility that such inacti- 
vated venoms might profitably be used as antigenic agents for the rapid production 
of anti-bodies in a manner similar to the use of formalized venoms for the same 
purpose 

The fact that methylene blue, if it is going to act, does so quickly, promised 
a great saving in time in the production of a detoxicated venom 

JIaterials and methods 

For the purposes of our investigation it was decided to use Daboia venom 
because the methods used by us in titrating this product in the routine of antivenene 
production enable the results of any experiment to be read in a few minutes, thereby 
savmg much time in repeating observations 

The experimental animals used rsere standard pigeons weighmg between 290 
and 310 grammes The procedure adopted vas first to ascertain the minimi 
lethal dose of the sample of dried Dabota venom for the standard pigeons From 
this information a solution of the venom in distilled water was prepared in the 
required strength ^ 


( 529 ) 
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Detoxication of Snake Venom. 


Tlie metliylene blue soliitiou was similarly prepared in tbe strength decided 
upon for the particular cxpeiimcnt 

The venom solution and the methjlcne blue weie mixed and poured into a 
large Petri dish placed on white paper and exposed to sunlight The size of the 
Petri dish w^as so adjusted that the depth of the mixture did not exceed about three 
millimeties A sample of the mixtiiic w'as kept in the dark as a control At the 
intervals required by the paiticular cxpeiiment the mixture ot venom and methy- 
lene blue was injected intiavcuously into pigeons and the death ox survival of the 
latter noted Results could be lead in fifteen minutes as a pigeon which was going 
to die never survived this peiiod 

The following cxpeiiments wcie earned out — 

(a) Experiment to determine whethei Daboia venom was detoxicated by the photo- 
dynamic action of metliylene blue 


Experiment 

The minimiun lethal dose of Daboia venom was first detei mined to be 0 03 mg 
A 1 in 50,000 solution of methylene blue was prepared and mixed wuth equal parts 
of Daboia venom solutions of difiereut strengths so adjusted as to obtain final 
mixtures containing 2, 3, 4, 5, 8, 12 and 20 minimum lethal doses of Daboia venom 
mice of 1 in 100,000 solution of methydene blue The mixtures were exposed 
to sunlight foi 20 minutes and 1 c c from each injected mtiavenously into standard 
pigeons Control mixtures of similar strength were kept in the dark The lesults 
are tabulated below — 


Table I 

Showing the detoxicating effect of the photodynamic action of 
methylene blue on Daboia venom 


Number of 






nuniinum 

1 Concentration 

Time of 

Method of 
injection of 
nui-ture 



lethal doses 
of Daboia 

of methylent 
blue m 

exposure to 
sunlight in 

Effect on 
pij^eons 

BEilAEKS 

venom in 

mixture 

minutes 



1 0 c 





. 

2 

1 m 100,000 

20 

Intravenous 

Survived 

One c c of the control 
mixture containing 

3 

A 

>> 

99 

** 

*> 

minimum lethal do^ea 
kept in the darUor 
20 minutes hihcd a 



99 

99 

! 

Ptandaid 

Tvo mininniin htliai 

5 

» 


ft 

99 

doses of ilainm venom 

s 

12 

99 

9 

99 

99 

ft 

ft 

99 

99 

evpcscd to sunlight 
for 20 nimutcs also 
killed a standard 
pigeon 

20 

99 


9 

9 
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This esperiment proved that the photodynamic action of methylene blue has 
a detoxicating action on Daboia venom 

(b) Experiment to determine the effect of mnation in the time of exposure 
on the photodynamic action of methylene blue on Dabou venom 
in a given mixture 


Exverimeht ■ 

A mixture containing 80 minimum lethal doses of Daboia venom per c c m 
1 in 100,000 solution of methylene blue was prepared and exposed to sunlight 
One c c 01 the mixture was injected intravenously into standard pigeons at short 
intervals The results are detailed in Table II — 


Table II 


Showing the effect of variations in the time of exposuie on the photodynamic 
action of methylene blue on Daboia venom 


Number of 
mimmum 
lelhal doses 
of Daboia 
veuom in 

1 0 0 

Concentration 
of metbvfene 
blue m 
mistute 

Time of 
exposure to 
sunlight lu 
minutes and 
seconds 

1 

1 

Method of j 
injection of j 
mistiue j 

1 Eflect on 
j pigeons 

I 

1 

Remabks 

1 

80 

1 m 100,000 

1-45 

1 

Intravenous j 

1 

j Died 

j i 

One c c of the mixture 
hept in the dark as a 
control lor 24 hours 

” 

> 

0-10 


1 * ; 

killed a standard 
pigeon 

> 

1 

*> 1 

10-46 

>» , 

Survived 

1 


> 

tf 

17-0 

»» 

1 

>> 

1 


This experiment proved that complete detoxication is not immediate 

(c) Experiment to determine the effect on the phoiodynamic action of methylene 
blue of variations in the strength of the Daboia venom sohu^on, the 
strength of the methylene blue solution remaining constant 


Expepiaiext 

Two mixtures were prepared contammg rcspectuely 10 and 100 mimmum 
lethal doses of Do6o!o lenom ptr cc in 1 in 100,000 solution of methylene 
blue These mixtures were exposed to diffused light and standard pigeons 
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Table intravenously at short intervals The results are detailed 


Tabid III 

SJmving the effect on the jihotodynmmc achon of methylene bhe of 
vai lation in the strength of the Daboia %eno 7 n solution 
{two pigeons for each time inteival) 


Number of 
mmimum 
lethal doses 
of Daboia 
venom m 

1 c c of 
imittare 

Concentration 
of inetliylcno 
blue m 
mixture 

Time of 
exposmo to 
sunlight in 
minutes and 
seconds 

Method of 
injection of 
mixture 

Effect on viceons 

(1) 

I (2) 

10 

1 m 100,000 

1-0 

Intravenous 

Died 

Survived 


» 

2-0 

tt 

ff 

Died 

if 

f* 

3-0 

>t 

Survived 

Survived 

ff 

11 

3-9 

tt 

It 

ft 

100 

>> 

3-0 

tt 

Died 

Died 

ff 

If 

5-0 

ft 

ft 

tf 

ft 

ft 

11-0 

tt 

tt 

tt 

if 

ff 

14-0 

ft 

tt 

t 

ft 

tr 

18-0 


>1 

tf 

ff 

it 

21-0 

’ 

It 

Survived 

if 

ft 

1 

23-0 

.. 

tf 

tt 

ft 

1 

1 

26-0 


tt 

tt 

ff 

\ 

29-0 


Survived 

tt 

\ 







This experirueni; showed that increasing the amount of the Daboia venom m 
the solution lengthened the time for complete detoxication of the solution 

(d) Experiments to determine the effect on the photodynamic action of methylene 
blue, of variations in the strength of the methylene blue solution, >e 
strength of the Daboia venom solution remaining constant 


Experiment (A) 

Three mixtures were prepared each containing 10 minimum lethal doses of 
Daboia venom per c c but the strength of the methylene blue solution m each ’ 
being 1 in 10,000, 1 m 100,000 and 1 in 1,000,000, respectively These mixtures 
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were exposed to sunlight and standard pigeons were inoculated at intervals The 
results are detailed in Table IV For the sake of simplicity only essential 
details are included in the table, the methods being the same as for previous 
experiments — 


Table IV 


Showing the effect on the photodynmme action of methylene blue on Daboia 
venom of variations in the strength of the methylene blue solution 


Methyune blue \ 

1 IN 10,000 

Methylene blue B 

1 IN 100,000 

AIethylene biue C 

1 IN 1,000,000 

Exposure to 
sunlight in 
minutes and 
seconds 

Result 

Exposure to 
sunlight in 
minutes and 
seconds 

Result 

Exposure to 
sunlight in 
minutes and 
seconds 

Result 

1-25 

Died 

1-30 

Died 

1-20 

Died 

3-36 

»» 

3-30 

>1 

3-20 

1 

6-15 

11 

8-30 

. 

6-26 

11 

12-30 

11 

12-30 

>1 

12-20 


16-5 

11 

15-30 

»> 

15-20 

11 

20-30 

11 

20-30 

» 

20-20 

»> 

30-0 

11 

20-40 


37-0 

11 

34 36 

Survived 

35-45 

. 

49-25 

11 

39-0 

1 

39-0 


60-0 

11 



42-10 

»1 

65-0 

11 



40-36 






53-20 

Survived 





55-0 

’ 




This experiment showed that of the three strengths of methylene blue solution 
the photodynamic action was strongest in the 1 in 10,000 solution 


Experiment (B) 

Three mixtures were prepared each containing 20 minimum lethal doses of 
Daboia venom per c c but the strength of the methylene blue solution in each varied 
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bemg 1 in 5,000, 1 an 50,000 and ] in 75,000, respectively The rest of the esperi- 
ment was on the lines detailed foi Expeiiment (A) The results are detailed in 
Table V — 


Table V 


Shoioing the effect on the photodynamic action of methylene blue on 
Daboia venom of vaiiations in the strength of the 
methylene blue solution 


METHYLEKr 
1 IN . 

Buir A 

5,000 

JlBrnYI-ENF BLUE 7j 

1 IN 50,000 

_ _____ 

Methylene blbf C 

1 IN 75,000 

Exposure io 
sunlight in 
minutes and 
seconds 

f 

Result 

1 Exposure to 
sunlight in 
( minutes and 
seconds 

Result 

Exposure to 
sunlight in 
minutes and 
s-^coiids 

Resalt 

i 

2-4 ' 

Died 

2-30 

Died 

2-25 

Died 

4-10 

it 

4-26 

it 

4-15 

ti 

8-28 

1 

” 

8-20 

ti 

S-30 

ii 

11-20 

a 

11-60 

>> 

Jl-20 

a 

lG-45 

” 

[ 

14-20 

a 

16-36 

it 

iq-30 

” 

16-40 

Sui vivcd 

10-30 

Survived 

24-45 

1 

>> 

1 

20- 20 

i 

23-5 

* 

28-20 

1 

1 

j Survived 

i 

! 23-5 

a 



30-0 

i 

a 






This experiment showed that of the three strengths of methylene blue solution 
the photodynamic action was strongest in the 1 m 50,000 solution 


Expeeiment (C) ^ 

Three mixtures were prepared each containing 20 minimum 
Baboia venom per c c but the strength of the methylene blue solution m ea 
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being 1 m 5,000, 1 m 10,000 and 1 in 50,000, respectively The rest of the experi- 
ment was on the lines detailed for the two previous experiments The results are 
detailed m Table VI — 


Table VI 

Showing the effect on the ‘photodynamic action of methylene blue on Daboia 
venom of variations in the strength of the methylene 
blue solution 


Mtthxlfne BIUE a 

1 IK 5,000 

Methylene blue B 

1 IK 10,000 

Methyleni blue C 

1 IK 60,000 

Exposure to 
sunlight m 
minutes and 
seconds 

Result 

1 Exposure to 
sunlight in 

1 muiules and 
seconds 

1 

1 

Ecsnlt 1 

Exposure to 
sunlight in 
minutes and 
seeonds 

Result 

15-35 

1 

Died j 

15-35 

Died 

15-40 

Died 

18-35 

1 

18-50 

1 »» 

18-40 

it 

24-45 

1 

24-35 

I 

»> 

24-55 

Survived 

27-20 

it 

27-5 

it 

27-36 

it 

32-15 

it 

31-4 

it 



36-15 

Sumved 

36-5 

SnrviYed 



38-35 

a 

39-0 

1 

it 




This experiment showed that of the three strengths of methylene blue solution 
the photodynamic action was strongest in the 1 in 50,000 solution 

The general inference from these three experiments on similar lines is that for 
solutions of Daboia venom containing 10 to 20 minimum lethal doses the optimum 
concentration of methylene blue to produce the strongest photodynamic detoxica- 
ting action IS 1 in 60,000 

Antigenic value of Daboia venom detoxicated by the photodynamic 

ACTION OF AIFTHTLEKE BLUE 

hour goats were immumzed, two recemng intiai enous and two subcutaneous 
injections at weekly intervals, oi venom-methylene blue mixtures in gradually 
increasing doses, the mixtures having been exposed to sunlight till found atoxic to 
pigeons It was possible to start off with large doses ot the detoxicated venoms 
as no ill effects, either local or general, were ohser\ ed In the case of goat^ receiving 
subcutaneous ipjections there was no evidence of local swelling or necrosis 
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The immunizatioa 'vas cairied on lor over ten weeks, each goat receiving 
approximately 500 mg of detoxicated venom At the end of this period the sera 
of all the goats were tested against Dahotn venom but none showed any anti-toxic 
value It was, however, interesting to find some neutralizing value in the serum of 
one goat which had on one occabion rocei\ ed incompletely detoxicated venom and 
was definitely ill with some local reaction at the site of injection 

It would appear from the above that the detoxication of Dabota venom by the 
photodynamic action of methylene blue completely destroys its antigenic properties 


SujMmahy and conclusions 

1 Daboia yenom can be rapidly and completely detoxicated by the photo- 
dynamic action of methylene blue 

2 The rapidity of the photodynamic action is affected by variations m the 
time of exposure to light, the amount of Daboia venom present m mixtures and the 
concentration of methylene blue in the solutions used 

3 The optimum concentration of methylene blue under the conditions of the 
present experiments was in the neighbourhood of 1 in 50,000 

4 The detoxication of Daboia venom by the photodynamic action of methylene 
blue destroys its antigenic properties 
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Since the introduction of Pasteur’s dried cord method of immunization 
against rabies a multiplicity of techniques has been introduced with the common 
object in vieu of improving upon the original method and lowering the mortabty 
among the population at risk In spite, however, of the most efficacious of these 
methods there is still a considerable mortality among the severely bitten section of 
those coming for anti-rabic treatment and any method which will reduce this morta- 
lity, even in a mmor degree, should be fully exploited 

The methods of anti-rabic immunization m vogue atpresentmay be summarized 
briefly under three heads — 

{a) Methods involving the use of dead virus 

(b) Methods involving the use of attenuated live virus 

(c) Methods involving the use of virus, dead or attenuated, combmed with 

anti-rabic serum 

In a search for methods which would give results superior to any of the tech- 
mques comprised within the methods mentioned above we have been led to study 
anew the value of rabicidal serum and of vaccines containing liv e fixed virus m no 
way attenuated It is the results of these researches which form the subject of this 
communication and we offer them in the hope that they wiU lead others to extend 
our w orlc by investigation along similar lines 

For convemcnce of description we may deal with our researches on this subject 
under four heads * — 

1 The method of preparation and standardization of anti-rabic serum 

J, JIB ( 537 ) 8 
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2 The use of anti-iaLic serum as an adjunct to treatment by carbohzed 

dead virus 

3 Treatment by one dose of a combination of fresh living fixed virus and 

anti-iabic seium 

4 The use of fresh living fixed vims as an adjunct to treatment by carbolized 

dead virus 


1 The method of preparation and standardization of 

ANTI-RABIC SERUM 


The question of the possibility of producing an efficacious anti-rabic serum is an 
old one and necessarily much of our preliminary vork has been merely a repetition 
of experiments pieviously performed by other -workers, the majority of whom, for 
unstated reasons, have abandoned the use of serum while claiming encouraging 
results from its use 

Bab6s and Lopp (1889), Maiie (1905), Remlinger (1905), Schnurer (1906) 
and Semple (1908) have all proved the presence of a rabicidal element in anti-rabic 
serum nitio but opinions as to its prophylactic value in mvo differ widely 

As long ago as 1889 Bab6s and Lepp claimed to have successfully protected 
animals against subsequent labies infection by injecting them with the blood oi 
immunized dogs Semple (1903) using an anti-rabie serum from a highly immunized 
horse had good results and more recently Ponomareff and Solovieff (1928) have 
described a new method of piepaiing a vaccine said to be particularly useful for the 
production of anti-rabic serum Fermi (1909) states that horse immune serum 
possesses the most powerful rabicidal action and next in order of potency mentions 
the serum obtained from asses, sheep and dogs 

The animals used by us for the preparation of anti-rabic serum have been 
buffaloes and sheep The results with buffalo serum were disappointing and e 
experiments with which we are concerned in this account all refer to sheep serum 


Immunization of sheep for the production of anti-rabic serum 
Immunization of the sheep was carried out according to the plan detailed 
below, the virus in all cases being the Pans fixed virus — 

(a) Ten c c of sheep carbolized 6 per cent dead vaccine daily for three wee s 

(b) One week’s rest 

(c) Ten c c of (a) daily for three weeks 

(d) One week’s rest 

(e) Ten c c of (a) daily for three weeks 

(/) One week’s rest j i f one 

(g) Ten c c of sheep carbolized 6 per cent attenuated live -raus ai ^ ^ 

week (TOus IS incubated at 37-0 with 1 per cent carbobc for 12 hours, 

1 e , Imlt the time in routine use for the ordinary dead vacc 

(h) One weeiVs rest ^ distilled 

{i) Ten c c or 1 per cent fresh live fixed virus sheep s brain m 

water, three doses with two days’ mterval between oses 

(j) One week’s f^st 
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The total period occupied in this course of immunization is 106 days and at 
this stage the titre of the serum has usually reached the standard adopted by us as a 
minimum This standard and the method of titration will be dealt with later 
If the titre is found to be satisfactory the immunized sheep are bled at weekly 
intervals (240 c c at a bleeding) for a mouth and then rested for two months 
Subsequent courses of hyiier-immunization are given when necessary as under — 

(a) Ten c c of (a) as in original immumzation 

(b) One week’s rest 

(c) Ten c c of (q) as in original immunization 

(d) One week’s rest 

(e) Ten c c of {*) as m original immunization 

(/) One week’s rest 


Titration of serum 

The only method we have used so far in titration is by complement-fixation 
tests We do not consider that the results of complement-fixation tests necessarily 
indicate with any degree of accuracy the potency of the serum therapeutically — for 
this biological tests are necessary — but complement-fixation tests have pioved of 
value as a guide to the selection of suitable sera 

The complement-fixation tests were carried out in accordance with method 
No 4 of the Medical Eesearch Council, England The technique is so well known 
that it needs no furtlier mention, but some comment on the antigen used is necessary 
For complement fresh gumea-pig serum obtained on the day of the test was used 
The antigen was the filtrate from carbolized 5 per cent Pans vurus sheep vaccine over 
a month old The reason for not using fresh vaccme was that from a series of com- 
plement-fixation tests carried out to determine the antigenic value of the filtrate 
from carbolized vaccine the observation has been made that there is a definite 
improvement in the antigemc value a month after the manufacture of the vaccine, 
as compared with fresh vaccine, and that this higher value is maintained constant 
for at least five months 

The standard to which the anti-rabic sera must conform was decided by us 
arbitrarily It was fixed at a level where the serum in a 1 in 5 dilution was capable 
of completely fixing not less than 8 minimum haemolytic doses of complement 
The titre usually obtained was between 8 and 12 M H D 


2 The use of anti-babic serum as an adtunct to treatment by 

CAPBOLIZED DEAD VIRUS 
(a) Animal erpenmenis 

The«e experiments may be conveniently divided into two series — 

(1) Experiments to test the neutralizing action in vitro, if any, of anti-rabic 

serum on fresh rabies fixed virus 

(2) Expernnents to test the value of immune serum as an adjunct to treat- 

ment with carbolized dead virus 
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(1) Experiments to test the neutralizing action in vitro, if any, of 
anti~rabic serum on fresh rabies fixed virus 

Experiment No 65 — In tins experiment a 6 per cent emulsion of Pans fixed 
virus was prepared To tins emulsion an equal quantity of anti-rabic serum was 
added and the mixture incubated at 37°C 0 2 c c of tbis mixture was injected sub- 

durally into groups of rabbits (two in cacb group) immediately and at intervals of 
1, 2, 4 and 8 iiours Two control animals were given 02cc of a 26 per cent 
emulsion of the same fixed virus in normal saline incubated at 37°C for 4 hours 
and four further controls (two in each group) were given equal parts of normal sheep 
serum plus 5 per cent emulsiou of the same fixed vims which had been incubated 
at 37°C for 4 and 8 hours respectively 

Experiment No 66(0) — This experiment was conducted on similar lines The 
combined results of the two experiments are given in Table I — 


Table I 

Showing the results of experiments to test the neutiahzinq action in vitro, 
if any, of anti-rahie seium on fresh rabies fixed mrus 


Group 

Number of 
rabbits 

Period of 
contact of 
virus and 
serum 

Died of 
rabies 

Escaped 

Died of 
other 
causes 

Average 
period to 
death in 
days 

A 

0 

1 

Immediate 

6 

1 


1120 

B 

6 

1 hour 

d 

1 

1 

10 75 

C 

6 

2 hours 

6 

1 


1160 

D 

i 

6 

1 

4 „ 

6 

] 


11 20 

E 

6 

8 „ 

6 

1 


1240 


CONTBOLS 


P 

6 

8 hours with 
normal saline 

6 



G . 

6 

4 hours with 
normal serum 




H 

6 

8 hours with 
normal serum 

6 

• 0 

1 


9 60 
10 00 
0 80 


and the twenty-four animals which died of labies had an averag 
death ’ of 11 42 days One rabbit died of ‘ other causes ’ , pp ‘ oeriod 

Seventeen out of the eighteen controls died of rabies with an a\ erag 
to death ’ of^9 61 days 
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These ezperiments show that the anti-rabic serum does not exhibit complete 
rabicidal action m 8 hours but there is no doubt that the fixed virus is attenuated 
as proved by the prolongation of the ‘ period to death ’ 

It has to be borne in mmd that the test — subdural infection — is a very 
severe one 

Experiment No 66(6) — This experiment is a repetition of experiments Nos 66 
and 66(a) with modifications mtroduced by the use not only of whole anti-rabio 
serum but of various serum fractions and their mixtures The fractionation of the 
serum was carried out by the standard ammomum sulphate method as used at the 
Lister Institute"^ In the experiments the rabicidal action in vitro of immune whole 
serum, the pseudo-globulin fraction, the eu-globulin fraction, and a mixture of 
the two latter vas tested Thirty-two rabbits were divided mto four groups to be 
tested with the vvhole serum, the eu-globulin, the pseudo-globulin and the combine 
globulins, respectively All the globulm fractions before mixing with the lived 
virus emulsion were reduced to a common degree of concentration wnth 1 per cent 
saline solution This was done in order to get strictly comparable results with the 
various fractions 

In other respects the experiment was carried out on the lines of those previ- 
ously dealt with 


Table II 


Shomng the results of experiments to test the neutralizing action in 
Vitro, if any, of whole anti-rabic serum and fractions thereof 
on fresh rabies fixed virus 


Honrs in 
moubator 

Type of Berum 

Group 

Result 

Period to 
death in 
days 

Rehabxs 

1 

S 



A 

Rabies 

14 



1 




A 

Survived 




2 




B 

Rabies 

13 



2 




B 

Survived 






■Unooncentrated serum- 






• Average ‘ penodlto 

4 




C 

Rabies 

11 


death ’ 12 4 days 

4 




C 

*> 

12 



8 




D 

tt 

12 



8 

, 



D 

Survived 





• Wo aro indebted to tbo Director Dr T C G liCdmgham, r n s , for sending ns complete partic 
ulars of this method and to Lieut Colonel J Taylor, n s o , i M s , for permitting ns to study the 
aotnal method in practice as used at the Central Research Institute, Kasauh, m the concentration of 
antivonene 
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Table II — concU 


Hours in 
incubator 

Typo of serum 

Group 

Result 

Period to 
death in 
dais 

Remahks 

1 

\ 

( 

A1 

1 

Sur\ n ed 



1 



A1 




2 

i 


Bl 




2 

! 

1 


B1 



411 Survived 

4 


'"Hu globulins ^ 

Cl 

. 



4 ' 

1 



Cl 




8 



D1 




8 



D1 

r 


, 

1 


1 

A2 

Survived 


N 

1 



A2 

1 >♦ 



2 



B2 

> 



2 


Pseudo globulins ‘ 

B2 

Rabies 

14 

• Passage, positive 

4 


C2 

Survived 



4 



02 

»> 



8 



D2 


1 


8 



D2 

> 

1 

> 

1 

1 


/ 

A3 

Rabies 

21 


] 



43 

Survived 



2 



B3 

Rabies 

11 


1 

2 

4 

1 

'f Combined globulins - 

B3 

C3 

Survived 

J 


• Average • period to 
death ’ 16 davs 

4 



C3 

»« 



8 



D3 

j 



8 

1 


. 

■D3 
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The result oi this experiment is clear* cut^and, ivhile confirming our previous 
results with whole serum, indicates that the immune bodies are contained m highest 
concentration m the eu-globulin fraction 

(2) Experiments to test the value of immune serum as an adjunct to 
treatment with carbohzed dead virus 

(a) Animal experiments 

Experiments Nos 62, 63, 67, 68 and 71 — These experiments were conducted 
on monkeys under identical conditions except that the street virus used m each 
was different The results have, therefore, been grouped in one table In these 
experiments the animals were first infected in the muscles of the neck with street 
vmis and one day later were given an immunizing course of carbohzed dead virus 
and in addition were given anti-rabic whole serum subcutaneously under the con- 
ditions noted m Table III — 


Table III 


Showing the results of iicatmcnt of monleys with anti-iabic serum as 
an adjunct to tieatment uilh caibohzed dead virus 


Nature of treatment 

Number of 
moiikeis 
infected 

Died of 
other 
causes 

1 

1 Died of 
rabies 

Percentage of 
deaths due to 
rabies (escludmg 
deaths from other 
causes) 

5 c c of immune serum ou the tat and 
2nd days of treatment plus 2 5 o o of 
vaccine daily for 14 days 

69 

1 

7 

23 

44 23 

10 0 0 of immune serum on the 1st and 2nd 
days of treatment plus 2 5 c e of vaccine 
daily for 14 dais 

69 

6 

22 

1 

41 61 

5 0 c of immune serum on the 13th and 14th 
days of treatment plus 2 5 o o of vaccine 
daily for 14 days 

16 

1 1 

j 1 

j 

! 12 

1 . 

80 00 

10 0 0 of immune serum on the 13th and 14th j 
days of treatment plus 2 5 o c of vaccine 
dailv for 14 days 

16 

1 

1 

1 

14 

93 33 

2 5 0 0 of vacomo only daily for 14 days 

59 

1 

23 

42 60 

Controls — ^No treatment 

69 

2 i 

36 

6140 


While the experiments detailed in Table III fail to demonstrate any prophv- 
lactic value in the use of unmune serum as an adjunct to the use of carliobzed 
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dead virus certain interesting points have emerged These points will now be 
taken up • — 

1 There is a striking demonstration that the use of anti-rahic serum at the 
end of the process of nmnimization with carbolized dead virus has a most dis- 
advantageous effect and definitely increases the risk of contracting rabies, almost 
as though it sensitized the subject to the street virus This observation would 
appeal to be at complete variance with accepted views on passive immunization 
and vce have no explanation to offer It is possible that th ere may be an interaction 
between the immirne serum and the dead fixed virus or the live street 
virus tn VIVO resulting in a ‘ lag phase ’ in immunity production or even temporarily 
arrestmg it completely 

2 The ‘ period from infection to death ’ was increased in the animals giren 
serum at the beginnmg of treatment as compared with the remaining annuals 
Details of this observation are given m Table TV — 


Table IV 


Showing the ‘ average period to death ’ m the animals dealt with in 
Table III according to the method of immunization 


Stage of vaccine treatment 
at which serum was i 

administered 

Average 
penod to 
death m 
days 

Remarks 

Serum given on the first two 
days of treatment 

32 3 



Serum given on the last two 
days of treatment 

Treatment with vacome alone 

20 9 

216 


Only experiments m which serum 
was given at the commence 
ment and at the end of vaccine 
treatment have been inclndea 

Controls — ^No treatment 

22 7 




3 In animals receivmg serum treatment the period from 
symptoms to death is greatly shortened, so much so that in many cases the an^^ 
died before typical symptoms of rabies mamfested themselves The j 

cases was made by the finding of Negri bodies and where these were not lou 
Wets sometimes the case m animals dying without symptoms, the diagno 
always made by sub-passage to other animals ^ 

In connection with the sensitization we have mentioned it may be jg 

to detail here an experiment which seems to indicate that this m 

especially manifested when the serum is given intravenously The exp 
question was as follows — 

Two groups, each of sis rabbits, were given 1 c c of 6 per cent 
of Paris fixed vnus mto the flank and the muscles of the neck respec y» 
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immediately by anti-xabic serum given subcutaneously into tbe flank or intrave- 
nously A tkird group of sis rabbits was given a similar suspension of fresk fixed 
virus into tbe flank and muscles of the neck respectively to act as controls All the 
rabbits weighed over 1,000 grammes The results are detailed in Table V — 


Table V 

Showing the sensitizing effect of anh-rabic serum given intravenously 


Number o! 
rabbits 
in each 
group 

Site of ad 
ministermg 
viruB 

Mode of adminis 
tenng semin 

1 

Died of 
rabies 

Escaped 

Average 
period to 
death 

3 

Flank 

Subcutaneous 

1 

i 

1 

3 


3 

Neck 

1 

» 

3 


13 3 

3 

Flank 

Intravenous 

3 


13 6 

3 

Neck 

if 

3 


10 3 

3 

Flank 

Controls (no 

serum) 

3 


13 3 

3 

Neck 

»» 

1 

2 

' 1 

1 

1 

13 00 


A perusal of the table will show that in the case of animals infected in the neck 
and given anti-rabic serum mtxavenously the period to death is greatly shortened 
It will also be noticed that in the case of animals infected m the flank all those given 
anti-rabic serum subcutaneously escaped, while all those given the serum intra- 
venously died of rabies 

As a general comment on the animal experiments we may say that failure to 
obtain conclusive, or even suggestive, results is attributable to various factors 
difficult to control In the first place the test dose of virulent street virus B usually 
much more severe than would be the case in persons bitten by rabid dogs and the 
failure to prevent the onset of rabies in animal experiments does not necessarily 
imply the mutility of the same methods when applied to human cases bitten by 
rabid animals Another difficulty encountered is the great variability m the viru- 
lence of different viruses A very few are so vinJent that there may be little or 
no difference in the results in different groups, while the standard treatment b 
sufficiently effective to mask differences m the case of many viruses, and 
to draw conclusions in either event becomes impossible While, then we 
have failed in animal experiments to demonstrate any prophylactic value m 
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the use of immune serum when used as an adjunct to treatment with carbobztd 
dead virus, a definite advantage seems to have accrued from its use in human 
cases of bites from rabid animals 


(6) Human experiments 

This part of the investigation was commenced at about the same time as our 
animal experiments It was decided to carry out the tests only on cases definitely 
a.t risk in order the more quickly to determine whether the experiments promised to 
give favourable results in human cases For this purpose wc selected only those 
cases of class IV (according to Hempt’s classification) which were severely bitten 
This selection virtually meant the creation of a class V, which was, theoretically 
at least, at even greater risk than class IV That tins selection achieved its purpose 
is proved by the low death late in the temaimng cases of class IV vhich was only 
1 53 per cent (Table VI) as against 2 34 pei cent in 1932 which was the lowest 
percentage ever recorded in any year for class IV cases 

For convenience of description wm may refer to our selected cases as 
class V 

During the period 24-11-1932 to 30-10-1933 we treated three out of every 
lOur class V cases with the standard vaccine treatment plus anti-rabic serum The 
fourth case received the standard v^accine treatment alone and served as a control 
Apart from this there was no selection of cases, which were taken m rotation as they 
presented themselves for treatment 

All cases selected for treatment with serum were given a dose of 20 c c. 
whole serum subcutaneously on the first and second days of vaccine treatment, 
the same dose being given to children and adults The seriun seemed to 
cause little discomfort The results of the experiment between the dates given 
above are detailed m Table VI — 


Table VI 


Showing the lesults of cases of class V located with and without 

anti-oabic seouon 


\ 

Descnptioii of cases 

Number 

treated 

Deaths from 
hydrophobia 

Percentage 
death rate 

Class V oases treated with serum 

203 

7 

344 

i 

Class V cases treated with vaccine 
alone (controls) 

07 

i 

3 

4 48 

All othei class IV cases treated 

720 

11 

) 

11)3 
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Particulars of the cases which died of hydrophobia aie given below — 


Cases treated with vaccine plus seium 

(1) Patient 6778, Laloo, male, 45 years— severely bitten on face by a rabid 
jackal, three wounds on bare skin, not cauterized, arrived 15 days late for 
treatment 

(2) Patient 113, Nabbi Ullah, male, 50 years— severely bitten on face by a 
rabid dog, two wounds on bare skin, not cauterized, arrived 2 days late for 
treatment 

(3) Patient 1267, Naram Das, male, 6 years— severely bitten on face by a rabid 
dog, twenty-two wounds on bare skin, not cauterized, arrived 2 days late for treat- 
ment 

(4) Patient 1648, Shiv Kaur, female, 35 years— severely bitten on face, arm, 
leg and trunk by a rabid leopard, forty-four wounds on bare skin, not cauterized, 
arrived 3 days late for treatment 

(5) Patient 1673, Jagan Nath, male, 12 years— severely bitten on leg by a 
rabid dog, tliree wounds on bare skin, not cauterized, arrived 8 days late for 
treatment 

(6) Patient 1849, Ghanshiam, male, 8 years— severely bitten on face by a 
rabid dog, twelve wounds on bare skin, not cauterized, arrived 7 days late for 
treatment 

(7) Patient 1924, Chet Earn, male, 8 years — severely bitten on face and 
trunk by a rabid jackal, eleven wounds on bare skin, not cauterized, arrived 2 
days late for treatment 


Control group treated with vaccine alone 

(1) Patient 6878, Khushi Earn, male, 31 years — severely bitten on face and 
arm by a rabid jackal, four rounds on bare skm, not cauterized, arrived 5 days 
late for treatment 

(2) Patient 7017, Eupa, male, 60 years — severely bitten on face and arm by a 
rabid jackal, sixteen wounds on bare skin, not cauterized, arrived 2 days late for 
treatment 

(3) Patient 288, S ayera, female, 60 years — severely bitten on face and .arm by a 
rabid dog, three wound s on bare skin, not cauterized, arrived 5 days late for treat- 
ment 

Prom the details provided above it is evident that there has been an impartial 
assignment of cases 

The table shows a reduction in the death rate of class V cases from 4 48 per 
cent to 3 44 pet cent This appears to indicate a definite advantage m 
favour of combined serum and vaccine treatment as against treatment with 
vaccine alone 
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To confirm out results and increase tlie number of observations we now decided 
to treat all case's of class IV u itbout tbe foundation of a class V within the class IV^ 
group, at the same time adhering to tlie original metliod of selection, i e , treating 
three out of every four cases with vaccine plus serum and the fourth with vaccine 
alone as a control This part of the investigation is still in progress but the results 
recorded to date are given in Table VII 


Table VII 

Showing the results of ernes of class IV treated with and without 

anh-iabiG serum 


Description of treatment 

Number 

treated 

Number of 
deaths from 
hydrophobia 

Percentage 
death rate 

Three out of every four class IV . 

381 

i 

5 

131 

cases treated with serum, plus 



1 

vaccine 




Controls received vaccine alone 

127 

! 4 

3 23 


The two senes are combined in Table VIII in order to compare all cases of 
classes V and IV treated with and without serum 


Table VIII, 


Showing the results of classes V and IV treated with and unthout 

anU-rabic serum 


Description of treatment 


Three out of every four cases of 
classes V and IV treated with 
serum plus vaccine 

Controls received vaccine alone 


Number 

treated 


684 


194 


Number of 
deaths from 
hydrophobia 


12 


Percentage 
death rate 


2 05 


3 60 
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The results so far obtained are very encouraging and although the figures are 
still small they appear definitely to point towards the advantage of combining the 
standard vaccine treatment with the use of anti-rabic serum 


3 Treatment by one dose of a combination of fresh living 

FIXED VIRES AND ANTI-RABIC SERUM 

The experiments recorded under this section follow the work of Eindlav (1933) 
on immunization against yellow fever The ordinary processes of immunization 
against rabies with killed and attenuated viruses involve comparatively prolonged 
treatment and it was felt that it would be a great advantage if a method could be 
devised which would cut down the tune of treatment and at the same time be effica- 
cious and perfectly safe The vmis of yellow fever by its conversion into a neuro- 
tropic virus has been rendered comparatively innocuous when injected into the 
subcutaneous tissues and the same can be said to a lesser degree of the rabies virus 
This innocuousness has been rendered more certain m the case of yellow fever by the 
combination of yellow fever immune serum with the live virus in the one dose method 
of vaccination of human beings It was with the idea of seeing whether a s i mi l ar 
line of immunization would be successful against rabies that the experiments 
detailed below were carried out — 

Experiment No 77 — One hundred and sixty-two monkeys were used m the 
experiment and divided into six groups of twenty-seven each These groups were 
immunized as follows • — 

Group A — ^With one dose of unconcentrated anti-rabic serum plus fresh 
live fixed vniis 

Group B — ^With one dose of concentrated serum (combmed eii-globulm and 
pseudo-globulin) plus fresh bve fixed virus 

Group C — ^With one dose of concentrated serum (eu-globulin) plus fresh 
live fixed virus 

Group D — With one dose of concentrated serum (pseudo-globulin) plus 
fresh live fixed virus 

Group E — ^With one dose of fresh live fixed virus 

Group F — Controls — ^No immunization 


In the four groups A, B, C and D the dose of whole serum or its concen- 
trates was 1 c c and the dose of fresh hve fixed virus was 0 5 c c of a 10 per cent 
emulsion of sheep’s brain Group E received 0 5 c c of the 10 per cent emulsion 
alone 


The immune serum and the concentrates were infiltrated intradermally round 
a circular area IJ to 2 mches m diameter on the flank of each animal Two to 
four hours later the injection of fresh live fixed virus was given subcutaneously 
towards the centre of the infiltrated area from one side 


Twenty-one days later all the six groups were infected in the muscles of 
the neck with 2 c c of a’2 per cent emulsion of street virus from a first nassapp 
sheep _^TIie results are given m Table IX — -r 6 



Showing the results of immunization with a single intradermal injection of fresh live fixed virus combined 

with anti-rabic serum 
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The results of this experiment as set forth in the table give no indication of any 
advantage in the use of anti-rabic serum in addition to live virus as against live 
virus alone All the methods of smgle dose vaccination, howevpr, show a consid- 
erable saving effect but the experiment w"s somewhat unsatisfactory owing to the 
comparative mildness of a virus which only kiUed 69 26 per cent of controls On 
the other hand it is possible that such mild vnuses in the doses used in our experi- 
ments give a truer approximation to the risk at which patients bitten by rabid 
animals are, under ordinary conditions, than the use of potent viruses giving a 
death rate of 90 per cent in controls 

A second experiment on similar lines but on a smaller scale was subsequently 
performed and the details are given m Table X — 


Table X 

Shoioing the resvlts of immumzahon io>th n single inlmdermal injection 
of fresh hve fixed virus combined toiih anti-iahic serum 


Group 

Original 
number o£ 
monkeys 

Died 
prior to 
infection 

Died 
of other 
causes 
after 
infec 
tiou 

Died of 
rabies 

Percentage of 
deaths due to 
rabies (ex 
eluding deaths 
fiom other 
causes) 

Pemarks 

A 

IS 

2 


1 

10 

77 00 

13 animals infected 

B 

IS 

1 1 

1 

6 

46 16 

14 „ „ 

C 

1 

1 ! 

! 

1 

4 

28 57 

H „ 

D 

la 

2 

1 

G 

46 16 

11 .. 

E 

15 

2 

1 

1 1 

4 

30 77 

11 .. 

Controls 

15 


! 

10 

66 67 

16 


A=Treatod with nnconcentratcd semm ■D=Trcafed with pseudo globulin fraction 

B=Treated with combined globulin fractions E=Treatcd mth fresh live fixed xims onlj 
C=Treated with eu globulin fraction r=Controls — Not treated 


In this experiment the virus is a more potent one and the savintr effect of the 
vaccmation is less ^ 

In Table XI the results of these two experiments are combined 



Showing the results of immunization with a single iniradermal injection of fresh live fixed virus combined 

mth anfi-rabic serum {combination of two expeiiments) 
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Controls — treatment 


H E Shoitt,J P BIcGime, A G BiooJcsandE D Stepliem 553 


The general result of the two preceding experiments is to show that one inocu- 
lation of a vaccine containing fresli live vims has a considerable saving effect The 
influence of tlie serum or its fiactions on the results is not manifest 


4 The use oe fresh living fixed virus as an adjunct to treatment 

BY CAEBOLIZED DEAD VIRUS 

It IS a commonplace of immunology that in very few cases, if ever, does a dead 
vaccine confer as high a degree of immunity as an infection, even a mild one, with 
the living organism, of the same species It seems reasonable, therefore, by 
analogy to infer that immunization with the live virus of rabies will confer a higher 
i mm unity than when only a dead vaccine is used The relative innocuousness of 
fixed virus in the subcutaneous tissues and its capacity to produce immunity against 
street virus enable the principle of immunization with a live virus to be applied 
As hydrophobia, however, whether induced by fixed or street vinis, is a disease from 
which there is no recovery, it is essential that some degree of immunity should 
already be present before even fixed live virus is inoculated into the tissues In 
applymg the principle, therefore, of using fresh live fixed virus to produce a solid 
immunity we have ensured the presence of a degree of preliminary immunity by 
preceding the use of bve vnus by a dead vaccine The results of this policy 
exceeded our anticipations 


Experiment 

A completely paralysed sheep infected with Pans fixed vims was killed on the 
ninth day after infection and its brain removed This was emulsified into an 8 
per cent suspension in normal saline to which 1 per cent of pure carbolic acid was 
added The suspension so made was filtered through muslin, incubated at 37°C 
for twenty-four hours and then diluted with normal saline to make' a 6 per cent 
vaccine containing 0 75 per cent of carbolic acid 

Twenty-four dogs were weighed and placed in two groups Group A consisted 
of dogs weighing twenty pounds and over Group B consisted of dogs weighing 
under twenty pounds 

The dogs of group A were given 10 c c of the 6 per cent vaccine daily for 7 days 
and those of group B, 5 c c of the vaccme for the same period 

As we wished to make a test of the innocuousness of the 6 per cent vaccine as 
regards local reactions as ivell as its efficiency in combination with live vims we 
made a deliberate selection of sickly and ennciated dogs and to this must be attri- 
buted the considerable mortahty during the course of the experiment 

Three weeks after completion of the course of immunization the thirteen 
surviv mg animals were each given 5 c c of a 1 per cent suspension in normal saline 
solution of fresh Paris fixed virus sheep’s brain subcutaneously, followed, after a 
further week’s interval, by 10 c c of a similar suspension 

Ten days later all the animals were given an infecting dose of 2 c c of a 1 per 
cent suspension of first passage street vims deep into the muscles of the neck, half 
the dose bemg given on each side Eight control dogs were similarlv infected " The 
details of the results of this experiment are given in Table XII — 

J, MR 


9 
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Table XIT 


Shomng the results of wimumznhon with dead vaceme followed by fresh 

lire fixed virus 
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F 
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6 

F 

A 

10 

5 

10 
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0 

F 

A 

10 

6 

10 
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# 

7 

M 

A 

10 

6 

10 

o 

M 


2-7-33 

Passage, negative 

8 

M 

A 

10 

6 

10 

2 




9 

M 

A 

10 

5 

10 

2 




10 

M 

A 

10 

6 

10 

2 




11 

F 

A 

10 

6 

10 

2 




14 

F 

B 

5 

6 

10 

2 


3-8-33 

Passage, negative 

16 

F 

B 

5 

6 

10 

2 




19 

F 

B 

5 

5 

10 

O 


16-6-33 

Passage, ncgati'e 

22 

F 

B 

5 

5 

10 

2 


2-6-33 


25 

F 

Control 




2 

26-4-33 


Ncgn bodies, positive 

26 

F 

ft 




2 

3-5-33 


99 

99 

27 

M 

fj 




2 

26-4-33 


99 

99 

28 

M 

jy 




2 

28-4-33 


99 

99 

29 

K 

” 




2 

22-4-33 


9* 

99 

30 

F 

99 




O 

22-4^33 


19 

31 

M 





2 

25-4-33 


99 









negative*' 

32 

F 

99 




2 

24-4-33 




4-5-33, died on 8-5-33 


* First rabbit passaged on l-VSS, died 4-5-33 Second rabbit passaged on 
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A perasal of the table will show that the results were highly satisfactory, cent 
per cent of the immunized animals being protected, while cent per cent of the con- 
trols dfed of rabies This result was the more noteworthy because we consider dogs 
to be naturally more susceptible to rabies than monkeys on which most of our 
experiments have hitherto been conducted, because even uhen employing the latter 
we have never been able closely to approach a cent per cent saving in experiments 
with dead vaccine Of the thirteen immunized animals five died of other causes 
more than two months after infection, chiefly on account of their original condition 
as explained above The remainmg eight anmials were alive five months later 
The brains of all animals dying of other causes were examined for Negri bodies 
and rabbits were sub-passaged In none were Negri bodies found and all the 
passage rabbits remained healthy 

Of the eight control dogs seyen died of rabies within twenty-four days of 
infection The brains of all v ere examined and Negri bodies n ere found m all The 
eighth dog showed definite symptoms of rabies and died fifteen days after infection 
This animal unfortunately died during the early part of the night in the hot weather 
and by the morning its brain was soft and decomposed Two rabbits sub- 
passaged with the brain died of septicaemia withm four days owing to the con- 
dition ot the dog’s brain 

As the results recorded above are better than any we have ever obtained by 
the use of dead vaccines alone the diflerence must be attributed to the addition of 
fresh living fixed virus to the immunizing treatment 

Summary and conclusions 

(1) The method of preparation, standardization and concentration of anti- 
rabic serum has been described 

(2) The use of anti-rabic serum as an adjunct to treatment with carbolized 
dead varus has been described and it is considered to mark an advance on the 
present methods of treatment by vaceme alone 

(3) Treatment by one dose of a combination of fresh living fixed virus and 
anti-rabic serum has been shown to have a considerable immunizing value although 
the mam efiect appears to have been exerted by the live virus, the serum being used 
mainly to render the use of the live virus more safe 

(4) The use of fresh hvmg fixed virus as an adjunct to treatment with car- 
bolized dead varus has been shown to be the most effective method yet tried for the 
immunization of dogs and, therefore, probably of other animals also 

(5) It 18 considered that future lines of advance towards the most efBcacious 
means of producing a solid immunity against rabies will be along the path of 
utilization of anti-rabic serum and fresh live fixed virus, possibly combined with 
the use of a dead vaccine 
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NOTE ON EABIES FIXED VIRUS AS AN ANTIGENIC 
AGENT WHEN INACTIVATED BY THE 
PHOTODYNAMIC ACTION OF 
METHYLENE BLUE 


BY 

Lieut -Colonel H E SHORTT, f z s , i m s , 

Ojjg Director, Central Research Institute, Kasauli, 

AND 

Assistant Subgeon A 6 BROOKS, d t m , i m d 

[Received for publication, October 23, 1934 ] 

In a previous communication (Shortt aud Brooks, 1934) we have described the 
inactivation of rabies fixed virus by tbe photodynamic action of methylene blue 
aud, at the end of our account, mentioned the possibihties opened up for the use of 
this action in tbe preparation of an anti-rabic vaccme 

With a view to testing these possibilities we have carried out a few preliminary 
experiments but had no intention of pubbshmg the results of these until more 
exhaustive tests had been carried out The fact, however, that certain work on 
similar Imes by Galloway (1934) has alieady been published and gave indications 
of the value of a vaccine prepared from rabies virus inactivated by the photodynamic 
action of methylene blue, has mduced us to record our results, incomplete as they 
yet are, because they lead to an entirely contrary conclusion This question will be 
discussed after the results of our experiments have been given 

Two experiments were performed by us the details of which are set forth 
below — 


Experiment 72 (A) 

Twenty -four rabbits were divided into five groups which were treated as 
indicated below — 

Group A — Six rabbits, each of which was given 10 c c of a 1 per cent rabies 
fixed virus suspension in 1 in 20,000 solution of methylene blue which 
had been exposed to sunlight for 20 minutes The inoculum vas 
given subcutaneously into four places m the abdomen 
( 657 ) 
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Group B — Six rabbitSj treated similarly to group A except that tbe inocu- 
lum was 20 c c of tbe blue-virus suspension 
Group 0 — Three rabbits, each of winch was given 10 c c of a 1 per cent 
rabies fixed virus suspension in distilled water which had been 
exposed to sunlight for 20 minutes 

Group D — Three rabbits, treated similarly to group C except that the 
inoculum was 20 c c of the ‘ distilled water-virus ’ suspension 
Groujj E — Six rabbits, untreated to act as controls of the virulence of the 
virus 

Twenty-two days after immunization all the animals were infected with street 
virus, the dose being 1 c c of a 1 per cent suspension of street virus given into the 
muscles of the neck 

The results of this experiment are given m Table I — 


Table I 

Showing the results of treatment ivith vaccine inactivated hy the 
photodynamic action of methylene blue compared uiih those 
obtained by the use of vaccine not so inactivated 


Group 

Number of 
rabbits 

Dose of 
bluc-virus 
or virus 
onlv in 

0 c 

Died of 
rabies 

Died of 
otlier 
causes 

Survived 

Percentage of deaths due 
to rabies (e\cluding 
deaths from other 
causes) 

A 

6 

10 

6 


1 1 
1 

100 

B 

6 

20 

5 


1 

83 3 

C 

3 

10 

1 


O 

33 3 

D 

! 3 

20 



3 

Ntl 

E 

1 

6 


4 

2* 


100 


* Died on the 3nd and 3rd days after infection 


Expekiment 72 (B) , 

In this experiment the antigenic value of the vaccine 
photodynamic action of methylene blue was compared with that of jpto 

carbolized vaccine in ordinary use at Kasauli Ninety rabbits were 
three groups which were treated as indicated below — r n r cent 

Group A —Thirty rabbits, each given a daily dose of f ® ^ ° j per 
carbolized vaccine for fourteen days (equivalent to 
cent suspension) 
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Group B — Thirty rabbits On the 1st, 8th and 14th days of treatment of 
animals in group A each animal of group B was given 12 c c , 12 c c 
and 11 c c of a 1 per cent suspension of rabies fixed \ irus in 1 m 20,000 
methylene blue which had been exposed to sunlight for 20 minutes 
These animals received exactly half the quantity of brain substance 
given to animals in group A 

Group C — Thirty rabbits, untreated to act as controls of the virulence oi 
the -VITUS 

Nineteen days after immunization all the animals were infected with street 
virus the dose bein" 1 c c of a 1 pei cent suspension of street virus given into the 
muscles of the neck The results of this experiment are given in Table II — 


Table II 

Shouting the lesults of treatment with vaccine inactivated hy the photodynamic 
action of methylene blue compared with those obtained by the use of 
the 5 per cent carbolized vaccine in ordinary use at Kasauli 


Group 

Nutaber of 
rabbits 

Died of 
rabies 

Died of 
other causes 

Survived 

Percentage of deaths from 
rabies (excluding deaths 
from other causes) 

A 

10 

4 

11 

16 

21 06 

B 

30 

13 

5 

12 

62 00 

C 

30 


i ^ 

1 ^ 

1 88 00 


DiSCtJSSION 

The general conclusions to be drawn from these experiments clearly indicate 
that the photodynamic action of methylene blue greatly impairs the antigenic 
value of fixed rabies virus The contrary results obtained by Galloway maj”^ 
possibly be explained in two ways In the first place after the prebminary immu- 
nization with the methylene blue-inactivated vaccine the infectmg agent used by 
him was fixed vnnis, i e , the same agent as that used in the vaccine, whereas we 
used street vnus as the infecting agent since any practical application of the 
vaccine would be against the infecting agent in nature, viz , street virus 

In the second place Galloway, as his source of light, used a 300 c p filament 
lamp, whereas we used sunlight, a much more pov erful source of light We think 
it possible, therefore, that the virus in his vaceme may not have been completely 
inactivated and that the savmg effect was actually due to the surviving live virus 
in the vaccine The possibility of his ‘ inactivated ’ suspension conteiuing live 
virus will be evident when it is considered that with the source of light used by him 
he was unable topnactivatc unfiltcred suspensions of virus which had been centri- 
fuged for 10 mmutes at 2,600 revolutions per minute and subsequently 
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seduneuted foi 2d liouis wliile witli suuliglit 'we were able to inactivate a 
1 per cent suspension wbicb bad only been centiifuged for 2 minutes in a 
band-driven ceutiifuge and not subsequently sedimented"’ 

Against tins viev is tbe fact that Galloway controlled bis results witb rabbits 
into wbicb tbe ‘ inactivated ’ vims was inoculated intra-cerebrally without pro- 
ducing infection. Tbis is strong evidence of tbe complete inactivation of the 
virus but does not mle out tbe possibility that an attenuated virus, capable of 
producing immunity but incapable of giving rise to infection before it was dealt 
witb by the rabbits’ defence mechanism, may have been present m tbe mixtures 
used foi immunization Moreover, if tbe rabbits inoculated subdurally with this 
mixture were operated on in daylight it is quite possible that tbe exposure of the 
extremely attenuated suspensions to daylight may have completed their inacti- 
vation before they were inoculated The inference from such a supposition 
would appear to be that if tbe photodynamic action of methylene blue is to 
be of any use in tbe pieparation of vaccines its action must stop short of 
complete inactivation in tbe sense of a ‘ dead ’ vims 

Conclusion 

Tbe photodynamic action of methylene blue on rabies fixed vinis greatly impairs 
its value as an antigenic agent and tbe apiilication of tbe principle of photodynamic 
action of methylene blue is not likely to be of piactical value m the preparation of 
an anti-rabic vaccine 
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STUDIES ON THE PROTEIN FRACTIONS OF BLOOD SERA 

Part II 

BLOOD SERA OE OPIUM ADDICTS 

BY 

Lieut -Colonel R N CHOPRA, c i e , m a , m d (Cantab), i m 8 , 

S N MUKHERJEE, m sc , 

AND 

G S CHOPRA, M B , B s 

[From the Department of Pharmacology, School of Tropical Medicine, 

Calcutta ) 

Drug Addiction Senes No 20 
[Reoeived for publication, October 8, 1934 ] 

It is now well recognized that the effect of morphine addiction is not only 
psychological but it is definitely pathological so far as the sj stem of the addicts is 
concerned The appearance of constipation on addiction and of diarrhoea on with- 
drawal after a short addiction are all popularly knotvn (cf Barbour, Hunter and 
Richey, 1929) Maguin (1909) observed that diminished thirst and oliguria are 
the common accompaniments of morphine addiction and that polyuria commences 
on ivithdrawal Rowntree (1922) reported a disturbance in the water balance in 
the system of morphine addicts Pierce and Plant (1928) observed a dilution of 
blood amounting to as much as ten per cent on addiction From a study of the 
specific gravity of the whole blood Barbour, Hunter and Richey (loc cit ) have also 
made similar observations The immoderate return of the suppressed secretions 
on withholding morphme from addicted men also bears out the above observations 
The outstandmg features as observed by Maguin (foe cii ), SoUier (1910) and others 
m the last mentioned case are the excessive sweating, salivation and diarrhoea 

In addition to these efiects morphine is known to increase the carbon dioxide 
tension of blood (Cobet, 1923 , Henderson and Haggard, 1916) 
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These effects have a far reaching influence upon the pliysiology and also on 
the various physico-chemical processes going on in the human body The depres- 
sion of the respiratory centre with the consequent alteration in the carbon dioxide 
tension is likel}’^ to bring about a change m the alkaline reserve and also in the serum 
reaction The disturbance in the watei balance of the system, on the other hand, 
may also bung about a change in the osmotic pressure of the serum as well as its 
constituent protein fractions 

The piesent work was undertaken to study the changes in the physico-chemical 
properties and also the pioteins of the blood sera m such cases Since in India 
cases of morphine addiction are not very common but people, owing to its easy 
availability and a comparatively lowei price, take to raw opium as produced in 
this country, our investigations were concerned only v ith the opium addicts as 
commonly found here The physico-chemical properties, such as the surface 
tension, the relative viscosity, the pH and the buffer action as well as the various 
protein fractions, have been determined in the blood sera of these addicts 
from the point of view of their pathology and treatment In the present 
paper the observations were carried on only on the opium eaters The studies 
into the blood sera of the opium smokeis and of other addicts will form the 
subject matter of separate communications 


Experimental procedure 

Ten c c of venous blood were drawn from each addict into a clean and sterilized 
dry test-tube from which approximately 5 c c of serum were obtained In all the 
cases the addicts were intimately known and well diagnosed to be free from 
diseases It will not be out of place to mention here that it is very difficult to find 
such addicts and to persuade them to part with their blood because of then innate 
nervousness 

In all cases the blood was drawn within 2 to 3 hours after they had taken then 
daily dose 

The methods used to determine the physical propeities as well as the protein 
fractions are the same as described in Part I of this series (Ohopra, Mukherjee an 
Rao, 1934) Proteins were determined at 17 5°C and the amount 
by 33 per cent saturation with ammonium sulphate was regarded as the euglo 
fraction 

All the experiments were done with scrupulous cleanliness and care The tes^ 
tubes, pipettes, etc , were all cleaned with potassium dichromate-^lphuric 
mixture and dried after experiment with each serum The mean of the j 
mgs was taken in each case The results obtained have been tabulate e 


Results and discussion 

The data obtained from a study of the blood sera of the opium 
been given in Table I For comparison v.nth similar figures lOJ “O 
subjects Tables II and III of Part I of this series are referred to (Ciiopra, m 
and Rao, loc cit ) 
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(1) Hydrogen-im concentration 

From Table I it is evident that pH in all cases is near the lower limit of the 
normal range and the average figure, although within the normal range, is a little 
lower than that found for normal Indian subjects Our observation on the lowering 
of pH IS in accordance with those of Cobet {loc cit ) and Henderson and Haggard 
{loo cit ), who have shown that morphine increases the carbon dioxide tension and 
loivers the pH Accordmg to these authors the effect of morphine is to produce an 
uncompensated primary carbon dioxide excess in the blood, while Barbour, Hunter 
and Richey {loc cit ) (also Peters and van Slyke, 1931) have found that the alkaline 
reserve is diminished in these cases These two factors, viz , the increase of free 
primary carbon dioxide, an outcome of the increase in the carbon dioxide tension 
(according to Henry’s law) and the diminution of the alkaline reserve or the bicar- 
bonate content of the blood both act in the same direction in lowering the pH, as 
will be evident from a consideration of the Henderson-Hasselbalch equation * 

From the physiological point of view such changes in the pH are evident The 
respiratory centre is the organ that regulates the pH of the blood by eliminating 
the accumulated caibon dioxide The increase in the carbon dioxide tension is 
known to decrease the pH or increase the hydrogen-ion. concentration of the blood 
which, probably by diffusion or otherwise, affects the hydrogen-ion concentration 
at the respiratory centre and thereby stimulates it, with the result that the excess 
of carbon dioxide, which is responsible for this increase in the hydrogen-ion concen- 
tration, IS eliminated and the pH comes back to its normal value The lower pH 
values of the opium addicts’ blood sera mdicate a loss of sensitiveness on the part 
01 the respiratory centre This depression may be due to some selective action 
of opium on such nerve-cells or more probably due to a general depression of all 
the nervous tissues consequent upon the drainage of lecithin from these to form 
an increased amount of euglobulm observed m such cases {mde infra) or due to 
some change in the adsorption of ions by the nerve-cells owing to a change in the 
interfacial tension and also in the dielectric constant of the medium brought about 
by the opium alkaloid in the blood 


(2) Buffer action 

Buffer action is considerably diminished m all the cases This diminution 
may be partly due to a fall in the percentage of the proteins and partly to the 
decrease of the alkaline reserve (or the bicarbonate content) of the blood observed 
in such cases (cf Barbour, Hunter and Richey, loc cit ) The observations of 
Henderson and Haggard (foe cit ) on the mcrease of carbon dioxide tension induced 
by morphine in the system, moreover, give a further clue to such diminution of 
the buffermg properties It is well knoun that in the serum the mam buffering 


* The relationship hetneon tho pH, t'lo carbonic acid concentration and the bicarbonate content 
oi blood IS given by Henderson Hnsselbalch equation — 


pH = pK + log where pK - log K, the apparent dissociation constant of carbonic 


acid, 


blood^^^ctivcb ‘1^° bicarbonate and the carbonic acid in tho 
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“‘Albumin’, ‘ Psoudo globulin ‘Euglobulm’ and ‘Total proteins’ stand ior tbe number of grammes of these substances m 
100 0 o of serum 
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properties are due to tlie bicarbonate alkali present there ‘ The a\ ailabihty of tins 
bicarbonate alkali of the blood depends upon the abihtj’’ of the organism to eliminate 
the carbon dioxide set free when the bicarbonate is decomposed by other acids 
When the carbonic acid itself collects in the blood the bicarbonate becomes relar 
tively unimportant as a bnffei ’ (Peters and van Slyke, loc at ) In the case of 
opium addicts a slight depression in the respiratory centre lias been well recognized 
for a long time, as a result ot which the carbon dioxide elimination does not take 
place as effectively as in the case of normal individuals Hence the bicarbonate 
alkali, which is already diminished in such cases, is further rendered inefficient by 
the presence of excess of carbon dioxide, owing to which a lower bufier action is to 
be expected 


(3) Surface tension and relative viscosity 

The increase in the surface tension and the decrease in relative viscosity of sera 
both point to the fact that the sera contain relatively less proteins and more fluid 
The relative viscosity of the whol^ blood is found to increase in some cases as com- 
pared with such figures for normal subjects {vide Table II), while in others the devia- 
tion from the normal is not very marked This mcrease in the viscosity of the 
whole blood can also be explained in terms of the carbon dioxide tension Wlien 
the carbon dioxide enters the blood it diffuses both mto the plasma and into the 
corpuscles The corpuscles have some mineral bases in them, a part of whicli is 
associated with the proteins present therein Carbon dioxide deprives the proteins 
of their bases and forms bicarbonate with them So there is an increase m the 
concentration of the bicarbonate m the corpuscles as a result of which the osmotic 
pressure inside the corpuscles increases More water is, therefore, drawn in and 
the cells swell to a considerable extent (vide McClendon and Medes, 1926) This 
swelling of the cells renders the whole blood more viscous Hence from these con- 
siderations, the viscosity of the whole blood of the opium addicts is the resultant 
of two effects (1) the swelling of the red cells which increases viscosity and (2) a 
lowering of viscosity in the serum The net effect of these will give the resulting 
viscosity of the whole blood It may either be greater than, equal to, or less 
than that of the normal blood according as one or other of these two factors 
predominates 

Table II 


Relative viscosity 


Number 

NohMAL STIBJrOTS 

Orrew ADDICTS 

Whole blood 

Serum 

Whole blood 

Serum 

1 i 

3 12 i 

1 60 1 

3 20 

141 

2 

3 05 

157 

3 06 

1 53 

3 

3 15 

1 63 

3 25 

] 37 

4 

3 00 

1 65 

3 13 

1 43 
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The rise in viscosity of the whole blood and the lowering observed in the serum 
seem to be very interesting since they may be looked upon as an efEort on the pait 
of the system to keep up the viscosity equilibrium of the blood to facilitate the blood 
circulation The increase in viscosity due to the swelling of the red cells is, as it 
were, being balanced by a decrease in the serum in some of the cases 


(4) Total proteins and protein fractions 

The total proteins were found to be decreased to a slight extent m all the cases 
studied The determination of the individual protein fiactions reveals a relative 
lowermg of the total globulins and an increase in the albumin fraction m some of 
the cases In no case is albumin found to diminish below the values found for 
normal Indian subjects But though the total globulins are dimimshed m these 
cases, the euglobulm fraction is found to increase 

These protein changes are of considerable interest from the pomt of view of the 
water balance of the system which has been observed by many authors {vide 
supra) to be disturbed The principal function of the protems in the body is to 
maintain the physical and the physico-chemical state of the blood (Peters and van 
Slyke, loc cit ) This role, played chiefly by the albumin and the globulin fractions, 
may be ascribed to their osmotic attraction for water maintaining the fluid balance 
between the blood, the intercellular tissue spaces and the serous cavities (cf Star- 
ling, 1895) * 

In the present case the total proteins are found to be slightly diminished The 
diminution may be due either to an actual diminution in the proteins themselves 
in the blood sera or to an increase m the fluid content of the sera or to both 
But judging from the previous work done along this direction in this labora- 
tory as well as from the various clinical and physico-chemical findings m these cases 
made by different observers {vide supra), we are led to believe that there may be 
a real increase in the fluid content of the sera in these cases 

Assuming, however, that there is an increase in the fluid portion in such sera, 
as we believe it to be, we are led to conclude that the albumin and the euglobulm 
portions must have increased to a considerable amount before the fluid went in to 
dilute the blood and to reduce their concentration to what they are The expla- 
nation of such an inflow of the fluid into the blood is obvious because the increase 
in the albumm fraction is known to increase the oncotic pressure (Govaerts, 1923) 
of the serum From the picture of the fluid exchange in the capillaries as presented 
by Schade, Claussen et al (1926) it is quite clear why there should be more 
inflow of the tissue fluids into the blood especially m view of the fact that in 
such cases the osmotic (oncotic) pressure increases owmg to a relative increase in 


* The serum proteins in diffusion equilibrium -mth relatively protein free saline solutions m tissue 
spaces attracts uaterfor two reasons (1) The molal concentration of the non diffusible proteins in 
the plasma and (2) an unequal distribution of the diffusible ions, cluefly Na-c, Cl—, and HCO — 
between the plasma and the fluids in the tissue spaces ’ ’ 

Govaerts (1923) and Schade and Claussen (1924) termed this osn-otic pressure due to the serum 
colloids the ‘ oncotic pressure ’ and found i,ts value to be intermediate between the artenal and the 
veuoi^ blood pressures Govaerts (1925 1926) from simultaneous determinations of the albumin 
globulin and the osmotic pressure of sera m a numlier of human subjects showed that the oncotic 
pressure everted by albumin is nearly four times ns great as that due to the globulins 



568 


StKdzes on the Ptotein Fi actions of Blood Sem 


albumin We, therefore, conclude from these considerations as well as from the 
various findings in this laboratory and elsewhere that opium addiction increases the 
albumin of the blood seia as a result of which the osmotic (oncotic) pressure also 
increases and more fluid from the tissues is drawn into the blood This process is 
promoted by the swelling of the led cells due to osmotic attraction of the fluid inside 
As a result of this increased oncotic pressure and the change in the hydrostatic 
pressure of the inflow of the blood into the capillary due to a change in the viscosity 
of the whole blood as observed in some of the cases, more fluid from the tissues is 
drawn into the blood It maj^ be suggested herewitli that this rise in the albiunm 
contents of the sera may account for the decreased albuminuria by opium adminis- 
tration as observed in some of the nephritis and other cases {vtde Bose, 1931) 

The large decrease in the pseudo-globulin contents may, however, be due to 
two reasons (1) the actual dilution ot the serum, and (2) the probable denatiuing 
influence of carbon dioxide on the globulin fractions This seems to be possible 
from the woik of Hardy and Gardner (1910) from which it appears that the pseudo- 
globulin IS the only form of globulin present in the blood of living animals 

As regards the euglobulm fraction, we find that there is a small increase in all 
the cases studied Euglobulm differs from pseudo-globulin smee it contains phos- 
phorus, and Chick (1924) has put forward evidence to show that this is due to the 
association of lecithm with the proteins in the form of an adsorption compound and 
Chick considers that it is derived from the pseudo-globulins by the denaturmg 
influence of lecithin From this point of view it is quite bkely that an mcrease in 
the euglobulm fraction must have taken place by a greater adsorption of lecithin 
by the pseudo -globulins This again might have been probably promoted by 

changes in the dielectric constant brought about by opium in the blood Hence 
we might expect a disturbance m the equilibrium of lecithin in the system The 
greater adsorption of lecithm to foim increased amount of euglobulm, decreases 
the lecithin m the blood proper, which again is possibly being replenished by drawing 
upon the lecithin of the nerve-cells both central and peripheral This picture of 
the lecithin outflow from the neivoiis tissues, on the basis of Chick’s woik, to pro- 
duce an increased amount of euglobulm may account for the changes in the 
nervous mechanism of the addicts observed by Chopra et al (unpublished) The 
work of Ma (1932) has thrown considerable light upon this From a cytopatlio- 
logioal study he found that tlie Golgi apparatus m the tissue-cells of the ® 
seemed to be damaged or altered from the normal m as much as, unlike t ic 
normal subjects’ cells, these do not take stains with neutral red The admmis^ 
tration of lecithin which has been found by him to cure the withdrawal symptom 
enables these cells to take this stain and to come back to their normal conditions 

From the above considerations it appears to be very suggestive tliaHhc 
drainage of these glycero-phospliates from the nerve-cells may be overcome 
certain extent by the administration of diets rich in such things which may 
quently combat the physical changes in the sera observed by various 
as by ourselves This may also help in restoring the normal balance ^ } 

in the blood and thus indirectly help in overcoming the dreaded 
symptoms which may possibly be due to the injury of the nerve-cells fo o o 
deprivation of the lecithins It is also indicative of the fact that Ijp (,f 

diets rich in these phosphates the administration of drugs like lecithins } 
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immense value m the treatment of opium addiction and in overcommg the weakness 
and the nervous breakdown m the addicts as the outcome ot the drug habit 

These inferences have been to a certam extent corroborated by our observa- 
tions in the field The rich and the well-off persons who, although taking moderate 
doses of opium for prolonged periods take plenty of milk and a diet rich in phosphates, 
etc , do not suffer from nervous breakdown and loss of weight like those who can 
ill afford to do that The Sikhs and the Rajputs who live a country life show very 
little nervous and physical changes This may be due to their diet which consists 
mainly of milk, wheat, meat and eggs These races have been taking opium for 
centuries and one can hardly trace any degeneration amongst them, which may 
be accounted for as due to the opium habit Addicts from Assam, Bengal and 
the Central Provinces, on the other hand, whose diet is chiefly composed of rice and 
vegetables have been observed to suffer more than the above races and signs of 
mental and physical degeneration are clearly visible (cf Chopra and Chopra, 
unpublished) 

The above conclusions are also borne out from a study of the health of the 
addicts of two types of people of the same district Nowgong district m Assam 
consists of the plains and the Mikir hills, the latter inhabited by the Mikirs who 
consume more opium per head per annum (14 tolas) as compared with those living 
in the plains who consume 9 7 tolas per head 'per annum {vide Excise Admmis- 
tration Report, Assam, 1933) Although the climate of the lully region is found 
to be worse than that of the plains in this part of the country, the health of the 
Mikirs is much better than the Assamese of the plains, due most probably to the 
fact that the former take milk and meat in quantities which the latter can not afford 
to do 

Hence our conclusions regarding the drainage of lecithin from the nerve-cells 
seem to be justified in a way But the administration of lecithin as a curative 
drug in cases of addiction and withdrawal has been the subject matter for further 
investigation in this laboratory and our results will be published m a future 
communication 


Summary and conclusions 

1 The physical properties of the blood sera of opium addicts have been 
studied with the following results — 

The pH IS lowered as compared with that of normal mdividuals This corro- 
borates an increase in the carbon dioxide tension and a consequent loss of sensitive- 
ness on the part of the respiratory centre of the addicts 

Buffer action is considerably diminished, probably due to a lower alkaline 
reserve observed in such 'cases and also to the fact that this lower alkaline 
reserve is further rendered inefficient as a buffer, owmg to the increased carbon 
dioxide tension 

The increase in the surface tension pomts to a relative increase in the fluid 
content of the sera and a diminution in the protein contents 

Tlie decrease in the relative viscosity also corroborates the above conclusions 
The viscosity of the whole blood is found to mcrease in some of the cases, most 
probably due to the swelling of the red blood cells on account of the increased 
carbon dioxide tension 

J, MR 
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' 2 Tlie total and the individual proteins have also changed in the following 

way — 

The total proteins are diminished The albumin fraction is not diminished 
in any case, on the contrary, it is found to increase appreciably in many of the cases 
This increase m the albumin fraction is probably responsible for the increase m the 
fluid content of these sera as observed by various workers 

The pseudo-globulin fraction is considerably diminished The euglohuha 
fraction is found to increase From Chick’s {loc cil ) observations that euglohulin 
IS an adsorption compound of pseudo-globulin with lecithin, the drainage of lecithin 
from the neive-cells seems to be piobable, and an explanation for the degeneration 
of the nervous tissues from this point of view has been indicated 

A mode of tieatment has also been suggested herein for both addiction and 
withdrawal 


REFERENCES 


Bakbottb, H Gr , Hunter, L G , and 
Richey, G H (1929) 

Bose, J P (1931) 

Chick (1924) 

Chohba, R N, and CuorHA, 6 S 

Chotra, R N , MoKHEBJrE, S N , and 
Rao, S (1934) 

Cobet, R (1923) 

GovABRrs, P (1923) 

Idem (1925) 

Idem (1926) 

Hardy and Gardner (1910) 

Henderson, Y , and Haqgard, H W 
(1916) 

3VIa, Wen Chao (1932) 

ATaguiN, M (1909) 

McClendon, J F , and Medes, G (1925) 

Peters, J P , and van Slyke, D D 
(1931) 

Pierce, T H , and Plant, 0 H (1928) 
Rowntref, L H (1922) 

Sohadf, H , and Claussen, F (1924) 
SoHADF, H , Claussen, F , H abler, C , 
Hofe, F , MOOHI7UOKI, N , and Birner, 
W (1926) 

SoLLtFR, P (1910) 

Starling, E H (1895) 


Jo?ir Pharjnacol Eo-p Thera]) , 36, p 251 

Ind Med Gat , 66, p 299 
Btochem Jour, 8, p 404 

Studies into the physical and mental efiects oi opm 
habit (to be shortly published) 
lud Jour Med Bes , 22, p IVl 


Btochem Z , 137 , p 67 
Compt rend soc hiol , 89 , p 678 

Ihtd, 93 , p 44 

Ihrd, 95 , p 724 

Jotir Physiol , 68, p 40 

Jour Biol Chem , 33 , p 333 


Chinese Med Jour , 4 . 6 , p 806 
I'Echo Medical, 13, p 369 
‘ Physical Chemistry in Biology and 


Medicine 


PP 


‘ Quantitative Chemical Chemistiy' ’, 1» PP 
and 656 

Jour Pharmacol Exp Therap , 33, p 46 
Aaier Jour Physiol 69 , p 451 
Z Uin Med, 100 , p 363 
Z yes exp Med , 49 , p 334 


Jour d med d Pans, 30 , p 876 
Jour Physiol , 19 , p 312 



Ind Jour Med Res, 22, 3, Jamiaij, 1935 


STUDIES ON THE PROTEIN FRACTIONS OF BLOOD SERA 

Part III 

MALARIAL SERA DURING AND AFTER THE RIGOR STAGE 


BY 

Lieut -Colonel R N CHOPRA, c i e , m a , m d (Cantab), i m s , 
S N MUKHERJEE, m sc , 


AND 


B SEN, B sc , MB 

{From the Department of Pharmacology, School of Tropical Medicine, 

Galcutta ) 


[Received for pubbcation, October 8, 1934 ] 

It is a well-known fact that m many pathological conditions the physical 
properties of blood sera as well as the constituent proteins thereof undergo definite 
changes (Basilico, 1926 , Rohrer, 1922 , Schretter, 1926 , Ganslen and Maier, 1927 , 
Achelis, 1926 , Chopra and Chaudhury, 1928, 1929) In many cases again, for 
instance m kala-azar (Napier, 1921 , Brahmachari, 1923 , Roy, 1924 , Chopra, 
Chaudhury and De, 1931), such changes have got not only a well-defined 
diagnostic value but also a prognostic significance 

In chronic cases of malaria the changes in the difierent protein fractions have 
been studied by Lloyd and Paul (1929) and their gradual return to the normal values 
along with the quinine treatment has also been observed Very little work has 
however, been done on the changes occurring in connection with the rigor state 
which IS one of the chief characteristics of malarial fever and it is not known how the 
different constituents of the blood are affected during these paroxysms Such 
studies were carried out by us and this paper embodies the results of these observa- 
tions 
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The patients infected with malaria were admitted under the senior author 
(R. R" C ) into the Carmichael Hospital for Tropical Diseases In order to identify 
the species of the infecting parasites correctly the anti-malanal treatment was 
withheld and daily examinations of the blood ivere carried on for two or three 
days , in doubtful cases cultural examinations were also done Ten c c of the 
blood were then taken from these patients, wnth tlie usual precautions, during the 
stage of rigor and kept in a cool chamber to allow the serum to separate out 
and a few smears were also examined to determine the stage of the malaria 
parasites at that particular hour 

The protein fractions, the total proteins as well as the globulin albumin ratio 
together with those physical properties that are likely to be influenced by these, 
such as the surface tension, the lelative viscosit}’’, the pH and the bufl:er action, 
were determmed For comparison a similar study was made on a number of cases 
where the blood was drawn after the iigor had subsided 


Expenmental procedure 

All the determinations were made by the methods indicated in Part I of the 
present series (Chopra, Mukherjee and Rao, 1934) The protein fractions were 
estimated at 17 5°C by the refractometric method as before The amount precip- 
itated by 33 per cent saturation with ammonium sulphate w'as regarded as the 
euglobulin The data so obtained are tabulated below 


Results and discussion 

In order to compare the data as obtained for malarial cases similar figures for 
normal Indian subjects were determined and these have already been published in 
our previous paper The normal averages obtained from this table are given in 
the last horizontal column in Table I 

In Table I are also incorporated the results of examinations of blood of patients 
actually in a state of rigor It will be observed that the pH and the bufier action 
of blood sera during the rigor remain very nearly the same as m normal mdividua s, 
while the surface tension and the relative viscosity are both lowered to a slig i 
extent As regards the proteins, however, the divergence from the norma are 
more marked, the total proteins and the albumin fractions being considera } 
lowered while the euglobiilm fractions are raised to as much as 0 40 per cen m 
individual cases (average 0 30 per cent), as against 0 18 per cent m the average 
normal persons The pseudo-globulin fractions are not much afiected, on y * 
very few cases showing a slight decrease The globulin albumin ratio 
raised but it never exceeds unity In the two cases marked with an 
rigor was not very definite, only a chilly sensation being present when the i 
was taken In these two also the total proteins, the albumms as we as^^ 
globulin * albumin ratio were very nearly equal to those m the other rigor ca 
In Table II have been incorporated the data from cases where the b 
drawn after the rigor had subsided It is evident that the pH and the bu e 
remained normal {vide Table II) The surface tension was ^ 

became very nearly equal to normal figures, the relative viscosity was ® 
although the amount of lowering was slightly smaller than m the pre 
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The total proteins were lower than those of normal persons but slightly higher than 
those obtained during the rigor state The percentage of albumin, although much 
ower than that of normal persons, was slightly higher than in the rigor blood 
(Table I) The euglobulin fraction remamed, as durmg rigor, much higher than the 
normal figures The pseudo-globubn fraction remamed unchanged as before In 
one patient marked with an asterisk, the blood was drawn when the temperature 
became normal after the attack of fever and in this case also the physical properties 
and the proteins were the same as in other cases (Table II) This is m agreement 
with Lloyd and Paul’s observations (Zoc cit ) who found that the changes in the 
proteins m malarial cases persist for some time even when there is no fever 

From a comparison of Tables I and II it would appear that although there is a 
difference in the average values of the corresponding items, these differences are 
so small that one would not be justified in drawing any conclusions In order to 
verify these we studied blood sera from five patients both during and after rigor for 
the same individuals The results have been given in Table III 

Here also all our findings for the rigor blood are slightly drfierent from those 
after the paroxysm and these differences corroborate our observations on the cases 
recorded m Tables I and II Although the number of cases studied m this 
connection is relatively small, the findings all tend in the same direction and are 
definite and confirmatory It is evident from the above that, as compared with 
normal figures, the total proteins in malarial sera, especially durmg and after the 
rigor state, are appreciably dmiimshed This diminution is due to a marked decrease 
in the percentage of albumin The pseudo-globulin fractions change very little, 
while the euglobuhns increase to an appreciable extent, m consequence of which the 
total globulins show an increase and the globulin albumin ratio mcreases The 
observations of Lloyd and Paul {he cit ) on the diminution of total proteins and 
albumm and the increase of euglobulin in the blood sera of chrome malarial patients 
differ from those of ours in as much as the changes as detenmned by these workers 
are more marked {vide Tables I, II and III) These changes in the proteins, as our 
present work shows, are more promment during the rigor stage than when the 
paroxysm is over 

Of the physical properties studied herein the pH and the buffer action do not 
undergo any change as compared with the normal sera although there are consid- 
erable changes in the serum proteins This may most probably be due to the 
comparatively less important part played by the proteins m maintainmg the serum 
reaction 

The relative viscosity is found to decrease only slightly as compared with the 
decrease of the total proteins This is due to a slight increase in the euglobulin 
percentage which raises the viscosity of the serum much more than a corresponding 
amount of albumm or pseudo-globulin would do, since euglobulin is known to be 
associated with a much greater amount of water than either of the two other serum 
protems (Chick, 1914) 

Hence we have in these cases two opposing factois influencing viscosity, viz , 
the fall in albumm which decreases viscosity, and an increase in euglobulin which 
acts m the opposite direction For this reason there is a small decrease m viscosity 
in these cases, although there is a comparatively larger decrease in the percentages 
of albumm or of the total proteins 
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* In thi3 oaao the blood was dra^ra after the fever had subsided and the temperature had become normal 
t g per cent indicates the number of grammes per 100 c c of serum 
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As regaids tlia suiface tension both, during and after the rigor state the figures 
were slightly lower than the normal figures From the decrease in the protein 
content one would expect a rise m the surface tension and therefore such values 
of surface tension as were found in these cases may be due to some other factor or 
factors It IS possible that the increase in the percentages of euglobulin as observed 
in these cases may be responsible for this state of affairs, inasmuch as euglobubn 
IS known to be associated with a large amount of water which raises the effective 
concentration of the proteins in the whole serum 

It IS also evident in these cases that the changes in the physical properties and 
the protein fractions are always more promment during the rigor state than after it 
From our observations it appears to be likely that the changes in the blood sera of 
malarial patients that persist even after the rigor state is over, really take place 
during the rigor state They gradually begin to disappear as soon as the paroxysm 
IS over, probably returning to their normal values in a few days after the fever 
subsides The above contention appears to us to be probable in view of the fact 
that the rigor is a severe shock probably of protein nature which affects the heat 
centres leading to a sudden and high rise of temperature Whether these proteins 
come from sporozoites which are liberated or whether they are produced by the 
system m response to the infection is difficult to say 


Stjmmaby and conclusion 

During the rigor state in malaria the physical properties such as the pH and the 
buffer action change very little, while the relative viscosity and the surface tension 
are both lowered, the former to a greater extent than the latter 

The protem fractions all deviate from the normal, albumin diminishes consid- 
erably, the euglobubn increases to a certain extent while the pseudo-globulin 
remams practically normal The total proteins also dimmish to a considerable 
extent In those cases where the blood was diawn after the rigor had subsided 
the changes in the physical properties and also in the proteins are similar to 
those of the rigor cases but such changes are less marked and more towards 
normal 

From these we are led to conclude that the changes in the physical properties 
as well as in the proteins of blood sera in malarial patients really set m during the 
rigor and reach a maximum when these changes begin to disappear and finally 
reach normal values within a short period after the rigor is over 
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The preparation of rabies vaccine is still an unsatisfactory procedure. 
Apart from the undesirability of introducing foreign bram tissue into the body, tbe 
method of inactivating tbe virus by carbolic acid leaves much to be desired Hence 
we find that attempts have been made to inactivate the brain suspension by means 
of ethei and formalin A new avenue of research was opened up by Clifton’s (1931) 
work on the inactivation of certain bacteriophages by the photodynamic action of 
methylene blue Perdrau and Todd (1933a and 19336) confcmed and extended this 
work by recording similar inactivation in the case of other animal viruses vaccinia, 
herpes, fowl plague, louping ill, borna disease, and canine distemper The most 
important result of these researches was that noted by Perdrau and Todd (1933c), 
who showed that the virus of distemper, thus inactivated, preserved its antigemc 
property and could be used as an efficient vaccine The practical application of 
this phenomenon is of far reaching importance in the therapy of virus diseases 

Shortt and Brooks (1931) investigated the photodynamic action of methylene 
blue on the fixed virus of rabies , they found that the virus was inactivated thereby 
Almost simultaneously Galloway (1934) confirmed Shortt and Brooks’ work , in 
addition he proved that the inactivated virus retains its antigenic potency 

From the results reported by the observers, it is seen that the concentration of 
infective material used by them was veiy low Thus, Shortt and Brooks used a 
0 5 per cent suspension after its centrifugalization for 2 minutes m a hand centri- 
fuge , a procedure which resulted m the titre of the virus being far below 0 5 per 
cent Galloway was unable to inactivate 0 5 to 1 25 per cent suspensions that were 
centrifuged for 10 minutes at 2,500 revolutions per minute , but he could only do 
so when thev were filtered through ‘ sand and paper filter ’ Such filtrates were 
fairly clear ‘ and had an infectivity of approximately one-tenth that of a centrifuged 

( 681 ) 
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unfiltered suspension ’ In other words, Galloway succeeded in inactivating 
a rabies infected brain suspension only when the concentration was as low as 0 05 
to 0 125 per cent In view of the fact that Pasteur Institutes in India find it 
necessaiy to use as high a concentration of virus as a 5 percent uncentrifuged 
brain suspension, and that the results of the researches on the photodynamic in- 
activation of the virus have shown that such inactivation does not occur lu suspen- 
sions of a concentration highei than 0 5 per cent, it seemed that the results liad no 
immediate practical application The object of the investigation reported in this 
paper was to devise means foi the inactivation of the 5 per cent brain suspension 
now in general use in India 


The explanation given by Perdrau and Todd (1933a) for their failure to inacti- 
vate unfiltered suspensions by the above means was that protection was afiorded 
to the virus by living cells But the fact that Shortt and Brooks could inactivate 
an opalescent, centrifuged suspension which, ‘ under a microscopic examination 
with high powers, showed an abundance of cellular mateiial seems to indicate 
that no protection is afforded to the virus by living cells Another explanation 
put forward by Perdrau and Todd was that the screening effect of even relatively 
thin layers of the methylene blue solution may have protected the virus from the 
photodynamic action of light Shortt and Brooks accept the latter explanation , 
for tliey found that while a higher concentiation of the dye-stuff, such as 1 m 
10,000 prevented inactivation, a lower concentration (1 in 200,000) favoured it 


Theoretical considerations led one of us (G S ) to think that for light to pene- 
trate through a blue solution a shorter wave-length might be needed Purther, 
Shortt and Brooks made use of daylight in their experiments, while the other work^s 
employed incandescent filament and pointoiite lamps It seemed likely that the 
success of Shortt and Brooks in inactivating unfiltered suspensions was perhaps due 
to the presence in the daylight of rays of short wave-lengths, such as the ultra- 
violet, which are absent in light from filament and pointoiite lamps 

Our first experiment was designed to test this theory spectrographically 
rays from a quartz mercury vapour lamp were passed through a quartz cell or one 
centimetre length containing various concentrations of methylene blue 
tered brain suspensions, in order to see whether a photographic plate was afiec e 
by the light traversing these mixtures It was found that a mixture of a 1 per cen 
centrifuged brain suspension with a 1 in 50 000 concentration of methylene b no 
was freely pervious to ultra-violet light of wave-length from 3,000 to 1,800 
Encouraged by this result we decided to repeat the experiments of the 
workers, but using a meicury vapour lamp as the source of light for the p o 


dynamic action 


Methods 

The material —For each experiment fresh suspensions were made 
infected brain material from rabbits In some experiments infected brampr 
in 50 per cent glycerine was used The stram of the virus was the xe 
Pans, kept in successive sub-culture through rabbits at this Institute 
two years A few experiments were performed with street virus recei i 

Institute from various' parts of Southern India The street virus bra ^igyelopcd 
was mjected intramuscularly into guinea-pigs, and when the anima ® ^^s we 

rabies their brains were used for our expeiiments In our early i 
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used a 0 5 per cent concentration of infective material in distilled water, centrifuged 
in an electric centrifuge for 1 0 minutes In later experiments we stopped centri- 
fuging the suspension and progressively increased the concentration to 5 per cent 
In these later experiments we used physiological saline for making the suspensions 
In this paper a suspension of rabies infected brain is referred to as ‘ \ irus suspen- 
sion inasmuch as the term ‘ emulsion ’ is, from its meaning, inapplicable to a 
suspension of brain tissue 

The dye — The dye used was methylene blue It was supplied by Messrs 
Baird and Tatlock and was marked ‘ Methylene Blue (Koch) ’ It had been in 
the store for some years in an unopened bottle Of this we used a 1 in 25,000 
solution which on admixture with equal parts of virus suspension gave a concen- 
tration of the dye of 1 in 50,000 The methylene blue solution was autoclaved 
before each experiment In the latter experiment the dye was made up in physio- 
logical saline 

The lamp — The source of the ultra-violet light was a quartr mercury vapour 
lamp (Herseus) working on a voltage of 220 direct current It is capable of giving 
a 2,000 candle power light working on full load of 10 amperes , but by a regulator 
starter it was worked for safety at a load of 6 amperes, giving an intensity of light 
of approximately 1,000 candle power 

The technique of irradiation — ^Fivc cubic centimetres of virus suspension was 
introduced into a sterile Petri dish, of 4-inch diameter, by means of a sterile pipitte 
To this were added five cubic centimetres of the sterile methylene blue solution 
made up eithei m distilled water or in saline By this means a constant depth of 
the suspension was assured No particular care was taken to do the mixing in a 
dark-room The Petri dish- was, however, always protected from daylight by 
placing it in a covered enamelled bowl The material to be irradiated was placed 
10 inches from the mercury vapour lamp The time of exposure was noted with a 
stop-clock There was not much heating effect due to the light This was demons- 
trated by placing a thermometer just above the suspension It was found to register 
a temperature ot 10°C to 14°C higher than the outside an, after an exposure of 
30 minutes to the rays from the mercury vapour lamp The actual temperature of 
10 cubic centimetres of the suspension was found to be raised by only 4°C Since 
the temperatures at which the work was done (24'’C to 34°C ) were far below body 
temperatures, no special precautions were taken to absorb the heat rays , moreover, 
such attempts would have cut off all ultra-violet light unless costly optical quarlz 
absorbing vessels had been used 

Animal inoculation — The animal used in all our experiments was the rabbit 
The subdural method of inoculation was employed this being more reliable than 
the intramuscular method This procedure is a Be\ere test The amount of 
inoculum was 0 2 c c The symptoms of rabies develop, as a rule, in from 7 to 9 
days following the subdural inoculation , in rare cases, however, they mav not 
appear until 14 to 21 days Our animals were, accordingly, kept under observation 
for two months 


Experiments and results 


Full details of the experiments and their results 
Tables — 


are given in the ac^’ornpanying 
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Table II 

Showing results of experiment 11 
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Table III. 

Showing results of experiment III 



Table IV 

Showing results of experiment IV 
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Showing results of experiment VI 
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In tlie first experiment, tlie following materials were used fox snbdviial 
inoculation — 

1 A mixture of equal parts of a 1 per cent suspension of fixed virus in 

distilled water and of a 1 m 25,000 solution oi metliylene blue Tbe 

mixture was made in tbe dark and allowed to stand for 20 minutes 

before it was moculated 

2 A mixture of equal parts of a 1 per cent suspension of fixed virus and 

distilled water irradiated for 10 mmutes 

3 A mixture of equal parts of a 1 per cent suspension of fixed virus and 

distilled water irradiated for 20 mmutes 
4: A mixture of equal parts of a 1 pei cent suspension of fixed virus and a 
1 m 25,000 solution of metbylene blue irradiated for 15 mmutes 

5 A mixture of equal parts oi a 1 per cent suspension of fixed virus and a 

1 m 25,000 solution of methylene blue irradiated for 30 mmutes 

6 Aim 26,000 solution of methylene blue irradiated for 15 mmutes, to 

which was added, m the dark, an equal amount of an unirradiated 
1 per cent suspension of fixed virus in distilled water 

7 Aim 25,000 solution of methylene blue irradiated for 30 mmutes, to 

which was added, m the dark, an equal amount of an unirradiated 
1 per cent suspension of fixed v mis m distilled water 

8 A suspension of fixed virus m distilled water irradiated for 15 minutes, 

to which was added an equal amount ol unirxadiated 1 in 25,000 solu- 
tion of methylene blue 

9 A suspension of fixed virus m distilled water irradiated for 30 mmutes, to 

which was added an equal amount of unirradiated 1 in 25,000 
solution of methylene blue 

Two animals were inoculated with each of these materials Those inoculated 
witnl, 6 and 7 died ot rabies , those moculated with 2, 3, i, 5, 8 and 9 did not 
develop rabies A control animal inoculated with unirradiated vims suspension 
developed rabies on the sixth day 

In the second experiment, the following materials were used for subdural 
inoculation — 

(1) A suspension of fixed virus in distilled water, irradiated for 2 minutes 

(2) Equal parts of a fixed virus suspension and a 1 in 25,000 solution of 

methylene blue, irradiated for 2 mmutes 


(3) 

Same as 

(1) but 

irradiated for 

5 mmutes 

(4) 

do 

(2) 

do 

6 

do 

(5) 

do 

(1) 

do 

10 

do 

(6) 

do 

(2) 

do 

10 

do 

(7) 

do 

(1) 

do 

16 

do 

(8) 

do 

(2) 

do 

16 

do 


Three animals were inoculated with each of these materials None developed 
rabies As a control, two animals were moculated with the unirradiated vmis 
suspension , both developed rabies on the sixth day 
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The third experiment was similar to the second except that irradiation was for 
periods of 16, 30, 60 and 90 seconds The result of the experiment was as follows 
Complete inactivation of the virus suspension resulted from 60 and 90 seconds 
irradiation Of the 6 animals inoculated with mateiial iiradiated for 15 seconds 
only one developed rabies and that belonged to the group inoculated with a 
mnrture of virus suspension and irradiated solution of methylene blue Of the 6 
animals inoculatad with virus suspension that had been UTadiated for 30 seconds, 
only one developed rabies and that belonged to the group inoculated with irradiated 
virus suspension to which no methylene blue had been added 

The fourth and fifth experiments were similar to tlie second and third, except 
that street virus was used instead of fixed virus Irradiation was for 2, 5, 10, 16, 20 
and 40 minutes None of the animals inoculated with virus suspensions so irradiated 
developed rabies , while all animals inoculated with the same virus suspension that 
had not been irradiated did develop rabies 

We were thus led to the conclusion that we were dealing with the action of 
ultra-violet light alone The methylene blue appeared to have no effect Encou- 
raged by these results, obtamed with irradiated 0 5 per cent virus suspension, v/e 
next attempted to inactivate a 5 per cent suspension of the fixed virus 

In the sixth experiment a 6 per cent suspension of the fixed virus was prepared 
in sterile normal saline, and filtered through two layers of sterile gauze , it was then 
irradiated for 16 minutes Three animals were inoculated with 0 2 c c of th® 
irradiated suspension Two a nim als developed rabies one on the ninth and the 
other on the eleventh day The third a nim al did not develop rabies The delay m 
the occurrence of rabies, although slight, suggested the possibility of some attemmtion 
of the virus The failure m this experiment to inactivate the virus was probalny 
due to the fact that the ultra-violet rays were not able to penetrate the whole of the 
6 per cent suspension At the suggestion of Sir Robert McCarrison we adopted the 
method of rocking the suspension in the Petri dish to and fro while irradiation was 
taking place We also repeated our experiments with methylene blue 

In the seventh experiment a five per cent suspension of fixed virus, in 
distilled water, filtered through two layers of sterile gauze, was irradiated for 
minutes , the suspension m the Petri dish being rocked to and fro by hand dming 
the period Complete mactivation occurred with and without the methylene b ue 

We devised a mechanical shaker, worked by an electric motor, thus 
the bad effects of the exposure of the hand to ultra-violet light The 
and photogiaph (Plate XXII, figs 1 and 2) explain the ^ J 

shaker An eccentric wheel raises one end of the platform on which the le ri 
IS placed The motor that rotates the eccentric wheel is a universal elec ric 
whose speed can be regulated as required A comfortable rate of rocking 
about 10 to 15 oscillations per minute 

The eighth experiment was carried out with the aid of this rocker 
cent virus suspension in salme was irradiated for 2, 5, 10 and 20 minutes , 
animals were inoculated with the irradiated material, one of these deve g 

It was one of the three that were inoculated with vmis suspension uxa 
minutes The other 11 annuals are alive and well Two control anuna s in 
with the same vmis suspension that had not been irradiated died o ra 
seventhday following inoculation 
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For irradiation of large amounts of vaccine other methods, such as passing the 
vaccine in a thin film over glass plates in a slow stream or a quartz rod or tube with a 
mercury arc inside might be used as a stirrer m a large bulk of the suspension Both 
these methods wiU be tried shortly 

Discussion 

These results demonstrate that exposure of a 5 per cent suspension of rabies 
infected brain to ultra-violet light, or more precisely to light from a mercury vapour 
lamp, inactivates the rabies virus in 10 minutes, provided proper precautions as to 
oscillation of the suspension are taken These results appear to us to be of greater 
piactical significance than the photodynamic action of methylene blue The 
inactivation is easily carried out and the addition of extraneous chemical substances 
IS unnecessary Whether immunizing substances are preserved under the above 
circumstances is a problem that is now engaging our attention, and if we find that 
they are preserved, there is no doubt that we have a method of making rabies vaccine 
which IS far quicker and simpler than the methods now adopted At present it is 
necessary to wait for nearly 6 to 7 weeks before a carbolized \accine can be issued for 
use It is accepted that tlie antigemc property of a vaccine deteriorates with age 
A vaccine made out of infected rabies bram which has been irradiated for 10 minutes 
IS immediately available for use, and it may be assumed that because of its freshness 
it ought to have greater antigenic property than one 7 weelcs old Experiments 
are in progress to test this view 

As to the causes of inactivation there are at present several th eones A mere ury 
vapour lamp gives radiation of wave-length from 6,500 A U to very nearly 1,800 
A U We hope to imestigate at what particular wave-length the mactivation is 
greatest There is some cviaence that the shorter Wave-lengths of light, such as 
ultra-violet 4,000 to 1,800, are highly inactivating It is probably the large pre- 
ponderance of these wave-lengths in the raercurv vapour lamp that accounts lor the 
inactivation and not the relatively large intensity of visible light from 4,000 to 6,500 
A U that IS also present to the extent of nearly 1,000 candle power Further, 
Downes and Blunt, as early as 1877, believed that oxygen was essential for gerimcidal 
action of light Arlomg (1885) thought that it was due to its effect on the oxidizing 
reactions Duclaux (1886) and Koux (1887) concur in this conclusion Methylene 
blue was said to form a peroxidase under the influence of ultra-violet light which w'as 
suspected to cause the inactivation of the virus To test this view we irradiated 
methylene blue in our first experiment and then added it to the virus Our results 
disproved the theory 

Another reason for the inactivation caused by ultra-molet light might be the 
ozone generated by the mercury vapour lamp Experiments are in progress to see 
if ozone bubbled through a vims suspension will cause its inactivation 

The influence of H-ion concentration on the mactivatmg property of light has 
been noted by Bayne- Jones and van der Lingen (1923) An acid medium is more 
favourable for the destructive action than an alkaline one We are now investigating 
this problem ° ° 

Some recent speculations regarding the action of ultra-violet Imfit from a 
physico-chemical view -point are likely to throw' more light on the mwhanism of 
inactivation of viruses It is well known that living protoplasm and many proteins 
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absorb ultra-violet Iigbt Lipoids especially are very powerful absorbers of it 
What seems to happen is that both inorganic and organic colloids undergo changes 
as a result of exposure to ultra-violet light These changes are accompanied hya 
change in the electrical charges on the particles Our recent evidence (Santaran 
et dl , 1934) that rabies virus possesses an electrical charge fits in with this theory 
Clark (1923) has developed a photo-electrical theory postulating that electrons 
are given off from proteins under the action of ultra-violet light and that these 
electrons attach themselves to other atoms or molecules with resulting changes in 
both physical and chemical properties of substances concerned We can with equal 
justification assume that sucli changes may brmg about changes in physiological 
and pathological properties 


Conclusion 

(1) A 5 per cent suspension of rabies infected bram was successfully inacti- 
vated by irradiation for 10 mmutes with the rays from a mercury vapour lamp 
the suspension being oscillated while the irradiation was in progress 

(2) Methylene blue was unnecessaiy for inactivation * 

(3) The cause of inactivation is under investigation 

(4) Experuneuts are in progress to sec if the immunizing bodies are preserved 
after irradiation 


We desire to express our indebtedness to Major K E K Iyengar, IMS, 
Director, Pasteur Institute, Coonoor, for affording facilities for work at the Institute 
and to Major-General Sir Robert McCarnson for his constant interest and 
advice 
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CORRIGENDUM 

In Volume 22, No 3, January 1936 iBsue o{ the Indian Journal of Medical 
fterearel), page 539, under Ttlralion of aeniw in line 2 of the para after ‘teste’ 
add ‘foUoirmg the technique by S D 8 Gfeval Jour Med ifee , 20, 3, 
P 913) 


dealt 

^ *v^/vv »JW, JUJxIm'WUAWUO ,*11 flllJlXlCHO Oui 

object in the present paper is to see to what extent the conclusions reached by this 
means are applicable to the disease as it occurs in human beings 

Our original intention was to investigate this question in two ways (1) the 
examination of spirochsetes derived directly from human cases of the disease to see 
if the types thus isolated corresponded with those already discovered m attacks 
and relapses in animals, and (2) the search for specific agglutinins to the various 
types of spirochsete in serum taken from human cases at different periods of the 
disease Unfortunately, our mtention with regard to the first of these two methods 
was to a great extent frustrated by the almost total absence of the diseasef during 
the four years our investigation was in progress in Northern India Occasional 
sporadic cases occurred in different parts of the country but we found it extremely 
difficult to reach them in time to obtain successful sub-moculations, and we only 
succeeded in doing so on three occasions throughont the whole of this period 


•Frequout references will be made to this paper in tbe present communication , the actual page 
to irbich reference is being made mil be given m brackets 

t No epidemic ocourred in either the United Provinces or the Punjab while we were working in 
North India It is of interest to note, too, that smco the 1923 24 epidemic m Sonth India Ur llieodore 
reports that ho has been unable to trace any cases of the disease in the Jfadras Presidency although 
he has been envious to obtain another strain of apiroch-ete and the Diatnct Health Ofiicers have been on 
the look out for snob cases 
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Reference has already been made to the spirocliaetes isolated from these three 
cases (strain ‘ Punjab 1 ’ , strain ‘ Punjab 2 ’ , and strain ‘ Hazro ’) (Cunningham 
et al , 1934, p 120). Cross-agglutination tests carried out with the sera derived 
from experimental infections in monkeys with each of the three strains and the 
different types of spirocheete already obtained from the Madras strain proved the 
identity of strain ‘ Punjab 1 ’ with Madras type ‘ A strain ‘ Punjab 2 ’ with 
Madras type ‘ B and strain ‘ Hazro ’ witli Madias type ‘ C ’ (Charts 1 and 2) 
No final conclusions can be drawn from these three instances alone, but it is, at any 
rate, significant that all three strains conformed serologically to one or other of the 
types of the Madras strain already in our possession 

(2) As the first part of the investigation proved inconclusive we had to rely 
almost entirely upon the indirect evidence supplied by the examination of sera 
taken from patients at difierent stages of the disease 

The material upon which this part of the investigation has been based was 
derived from three sources (a) A severe epidemic of louse-borne relapsing fever 
which swept through the Nilgin Hills m the year 1924 (6) Sporadic cases already 

mentioned as occurring in different parts of the Punjab between the years 1925 and 
1929 (c) Cases of the disease occurring in different areas on the North-West 

Frontier 


(a) South Indian series — A short refeience to these was made in our original 
communication (Cunningham, 1925) At the time this research w’as carried out 
onlv one type of spirocheete had been recognized [the original type isolated, viz , 
type ‘ A ’ (at that time called ‘ first attack ’ spirochsete)] The majority of the tests 

were earned out with this type alone Towards the end of this part of the investiga- 
tion, however, the so-called ' relapse ’ spirochsete (tj^pe ‘ B ’) was recognized as a 
separate entity and a few sera were tested against both types Since 
many other tj^'pes have been isolated and oiu views have been considerably modme 
It has, therefore, been considered of value to reconsider these earlier results m 6 
light of our present knowledge 

The results were presented in the foim of a chart which has been reproduced 
(Chart 3) The agglutinin content of the serum of each patient (to type ‘ A 
cheete) has been charted against the particular stage of the disease at which ’ 
sample of blood was taken The few instances in which the sera were also es 
against the ‘ relapse ’ spirochaite (type ‘ B ’) have been especially marked 
t&s means it was possible to see how far the agglutinin content of the sera as aw i ^ 
conformed to the curves obtained in experimental animals (m this caseacompo 
curve derived from several monkeys to spirochaetes ‘ A ’ and ‘ B ’) 

The various observations have been charted wuth reference to the stage 
disease and not according to the time which has elapsed since infectum . 
done to dimmish the error arising from the varying lengths of 
of the disease in different individuals For the same reason the obser\ at ^ 
monkey’s curve cannot be regarded as absolutely fixed points yben v 
conjunction with the human sera Thus, any day from the foii^“ ® . jjjy 

may mark the end of the first attack m the human series, so tlia i 
(fourth) in the case of the monkey’s may be said to correspond to any y 
between these twm days 
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Chart 3 

e agglutinin content of 132 sera from patients suffering from relapsing fevei in the Nilgin Hills, taken at 
various stages of the disease, tested against the ‘A 'type, and, in a few cases, the B type 

of spirochcete also 
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The , monkey’s cxirves for both types of spfrochsete are represented by continuous 
lines , the black dots represent tlie reactions of the human sera to the ‘ first attach ’ 
spirochsete (type ‘ A ’) and the X the reactions to the ‘ relapse ’ spirochffite 
(type ‘ B ’) 


The majority of the sera tested during the first attack are, as might be expected, 
negative The few positive reactions call for some explanation The smaller 
titres probably indicate the use in anti-bodies occurring at the end of attachs of 
shorter duration It is unlilccly, however, that these reactions (at this stage when 
spirochmtes are present in the blood) would reach titres of 1/80 or 1/160 unless some 
change from the type originally causing the attack had occurred It is possible 
that the patients to whom these sera belonged gave wrong information as to the 
period of the disease at which the sample was taken and that they were, in reality, 
in the relapse stage, the anti-bodies present being due to a previous attack, or. 
alternately, these cases may be examples, similar to those recorded in our last paper 
(Cunningham et al , 1934, p IIG) where the type of sprrochaete causmg the first 
attack has died out and lias been succeeded by another type w'hiclr of course is 
not influenced by the anti-bodies to the original type present in the serum 


The majority of the sera taken durmg the first interval and subsequent stages 
react to the ‘ first attack ’ (type ‘ A ’) spirochEete, showing that this type was very 
frequently involved m the prunary attack in this particular epidemic Thirteen seraj 
found negative during the first interval and 1st relapse, are of special sipificance, 
for they indicate the occurrence of initial infections with the ‘ relapse ’ {‘ B ’ type) 
sprrochaete in nature Two such sera, tested with the ‘ relapse ’ (‘ B ’ type) spiro- 
chaste also, show that this contention is correct for they give well-marked leactions 
with this typeot spirochsete (Cl . 1/5120, D17 1/2560) , a third (D14) gives a 
reaction which is less definite and its connection with the disease in this particular 
case may, therefore, be capable of a different explanation The semm of 1)17 also 
reacts to a certain extent to the ‘ A ’ sprrochaete This serum was taken at the 
end of the relapse and the reaction probably indicates the beginning of a rise to the 
spirochaete causing the relapse, in this case the ‘ A ’ type 

Turning once more to the cases which gave positive reactions with the first 
attack ’ (‘ A ’ type) spirochaete, while the majority follow fairly closely the agghi- 
tination curve produced in monkeys primarily infected with this type, there are 
several sera, notably five, taken between the fifth and eighth days of the first intcrva , 
and three between the first and fifth days of the first relapse, which show lojvei 
titres than might be reasonably expected for the stage of the disease 
were taken We drew attention to these reactions in our earlier paper (Cunning w > 
1925) and considered at that time that they might have some significance 
causation of second relapses Our later work shows, we think, that these low' i^^^ 
can best be explained on the assumption that they are the result of ‘ „s 

frequently latent, attacks which occur fairly commonly m experimental inlcc 
(Cunningham et al , 1934, p 113) Under these conditions the pximary attac 
due to one of the other types of spirochaete, the ‘ A ’ type assuming a minor ro 
far as these particular oases were concerned . 

The result recorded W'lth D14, referred to above, and the low 
obtained w'lth the single sample of serum taken on the fifth day of the tliir ” ^ 

are both capable of the same explanation In the latter case the tli P 
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attacks must have been due to three different types of spirochsete, none of which 
were the ‘ A ’ type 

In our first paper (Cunningham, 1925) we concluded that these results 
ludicated a close similarity betneen the mechanism of infection in nature 
and that winch we had observed under experimental conditions Our later 
work sunply corroborates this view by offering a satisfactory explanation of 
certain observations whose meaning was not ob\ious at that early stage 
in the investigation It is of interest to note also that the ‘ A ’ spirochsete 
ivas evidently the predominant type in this epidemic, a fact which supports 
our view that the ‘ A ’ and the ‘ B ’ types are the basic types, the remainder 
being of a subsidiary nature 

(5) Punjab senes — The sera referred to in this series were obtained from 
patients suffering from the disease in various parts of the Punjab These cases 
were sporadic, or at least occurred in very small, isolated outbreaks, and in no way 
resembled tlie epidemic in South India from which the first series of sera was 
obtained 

Information with regard to these small outbreaks was first obtained from the 
Public Health Department, and the cases were investigated on the spot by a 
travelling unit despatched from the headquarters of the investigation, assisted by 
the District Health Officer Three such outbreaks were visited in Multan, Hazro 
and Dera Ghazi Khan In the first two, patients were seen in the active stage of 
the disease, and strains of spiiochsete, which have already been described (‘Pi’ and 
‘ P 2 ’ which proved to belong to the ‘ A ’ and ‘ B ’ types, from Multan, and a ‘ C ’ 
type from the Hazro case), were isolated by sub-inoculation into animals Samples 
of sera were obtained from all patients who were said to have suffered from the 
disease and these were sent to headquarters 

The preliminary details given in each case with regard to the number of attacks 
of fever and the length of each attack leave little doubt that each of these outbreaks 
was in reality due to the ordinary ‘ louse-borne ’ t)q)e of relapsing fever The 
dirty habits of the people from whom the cases were derived and their high rate of 
infestation with lice corroborate this \iew 

The results, together with all other relevant details, are given in Table I 
Eighteen cases were examined in all, nine from Multan, six from Hazro and three 
from Dera Ghazi Khan The small amount of detail available in one of the 
cases belonging to the last named senes (P B ) makes it difficult to establish the 
correctness of the diagnosis, but the case has been included for reasons which will 
appear later 

With the exception of three cases (Multan Nos 3 and 4, and Hazro No 2) 
where the sample of serum was obtained during the first interval, the patients 
were first seen at varying periods after the end of the relapse (from 6 to 118 
diys) when there were no symptoms and almost certainly after the infection 
had come to an cud Eor this reason the presence of spirochmtes m the blood 
could not be verified in the majority of cases The results of the serum 
examination, however, show that spirochmtes similar to one or other of the 
types obtained from the Madras strain were responsible for the attacks in 
these cases also In the majority of cases the titres to the ‘ A ’ and ‘ B ’ 



Giving the results of agglutination tests carried out with the various types of spirochcetes derived from the 
Madras strain and sera obtained from patients suffering from relapsing fever in the 
Multan, Hazro and Dera Gliazi KLan districts of the Punjab, India 


602 




•BiBi'fiaj 


•jaqmuu puag 



10,240 10,240 640 


















1,280 1 320 



yoli — ‘ 1 I ’ and ‘ 2 I ’ in column 8 refer to tlie first and second intervals 
















604 


Further Ohservations on Indian Relapsitig Fever 


types stand liighest, showing that these two types have, once more, been fclie 
ones principally concerned in the primary attack and the relapse The existence 
of subsidiary types is also evident from the positive reactions to a third, and 
sometimes a fourth, type of spirochaete in the greater number of instances In 
fact, the serum response in these human cases bears a very close resemblance 
to that shown to be present at similar stages of the disease in the experimental 
animal (Cunningham el al , 1934, p 112) and also proves that there is little 
or no difference between the louse-borne infections in Northern and Southern 
India 

(c) Noilli-Wesl Frontiei senes — The cases vhichmalce up this group occurred 
in three different areas in the North-West Frontier Province — Paiachinar (m 
the Kurram Valley), Drosh (south of Chitral) and Quetta (Baluchistan) They 
occurred amongst tlie Military units or the followers attached to them 

The natural history of the disease in these cases is so different from that of 
the louse-borne type with which we have been familiar up to the present, that a 
preliminary account of the special features of the disease as it occurs in these areas 
will be necessary before recording the results of our serological tests 

Our attention was first drawn to relapsmg fevei in the Kurram area by Majoi 
H J H Symons, m c , i m s (1926), the Agency Surgeon at that time, who informed 
us that the disease had been known in the valley lor many years, the number of 
oases reported amongst the militia varying from three or four to 28 m different 
years He gives the following description of its clinical features — 

‘ The type of relapsing fever met vith in the Kurram is, as a general rale, not 
severe, in that the fever rarely lasts more than twelve hours or so, and, for this 
reason, its diagnosis, or at least early diagnosis, is difficult, as sepoys, as a rule, do 
not come to the hospital until at least an liour or so after the beginning of the attach, 
and unless the blood smear is taken at the very beginning of the pyrexia, spir’i n 
are \ery rarely, if ever, found ’ 

‘.The attack may or may not start with a rigor , the absence of the rigor has 
been found to be the rule rather than the exception In some cases a temperature 
of 103 5°F has been recorded and in some only 99°F or 100°F The onset is 
accompanied by pains in the back and limbs and headache of varying seven 
In fact at the start there is virtually no great difference between the s^unpto 
of this disease and those of sand-fly fever No enlargement of the spleen 
detected in any case No case was complicated wath jaundice, nor did any ca 
show gastric or intestinal symptoms ’ 

‘ This type of relapsing fever is most often very resistant to treatment, 
up to six or eight relapses In one case the relapse lasted for three days, 
a few instances, for two days, but the usual case rarely lasted for 24 i 
Relapses which occurred in cases not diagnosed on admission occurred on anj 
from the third to the thirteenth 

Major Symons also refers to an outbreak where ‘ all the servants 
the servants’ quarters of a certain bungalow developed relapsing fever an 


♦ Some of the oharta received from Drosh show longer intervals 
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bites of some biggish bug or louse, but no bugs or lice could be found on their 
clothing or in their charpoys 

Gertam of the temperature charts kindly supplied by Major Symons illustrate 
•well the salient pomts of the attacks and are reproduced in Charts 1 to 3 belorv 
Blood smears, case records and temperature charts forwarded at a later date from 
Drosh (Charts 4 to 6 below) through the kind agenc-y of Major J M Macfie, n A >i 0 
(1928), the D A D P , Peshawar, at that time, showed that the same variety of 
the disease was in evidence there as the result of bites of some unidentified insect, 
and certain cases reported from Quetta by Colonel A A McNeight, IMS (1927), 
also proved to be of the same nature 

Prom examination of the temperature charts and case records there is little 
doubt that these cases are examples of the type of tick fever originally described by 
Browse (1912), in Quetta, and later by Smith and Graham (1913) in Chitral Prom 
a further comparison ivith the descriptions of the Persian type of relapsing fever 
given by Dschunkowsky (1913), Harold (1920) and Wright and Harold (1920) there 
seems to be no reason to doubt that the tick-borne fever m all these different areas 
is really a single entity, a view which receives support from the u ork of more recent 
observers who report the Persian type of the disease as occurring in Bokhara and 
Turkistan (Starobynsky, 1922 , Samsonov, 1926 , Pickoul, 1928 , Doubrowme, 
1928 , Tsohirejkm, 1930 , Pavlovskii, 1930 , Kassirsky, 1933) and m the Pamirs 
bordering on India and Afghanistan (Katz, 1930) 

Pry (1920), Harold {loc cit ), Sinton (1921) and others point out, however, that 
the louse-borne type of the disease is also prevalent m these areas The two 
varieties of the disease may, therefore, run concurrently in the same area, the 
former capable of taking on epidemic form, the latter being more endemic and 
attached to definite localities and even buildings , an observation which is also 
true of the disease in other parts of the world 

Nicolle and Anderson (1928), on the strength of experiments earned out with 
0 papilhpes received from Bokhara, hold that the spirochaate responsible for the 
tick-type of fever in this region differs from those previously described (chiefly in 
the susceptibility of guinea-pigs to infection), and have named it Sp sogdianum 
Pickoul [loc cit ) has named the same spirochsete Sp usteListamca There appears 
to be general agreement that 0 papilhpes is the natural vector of this variety of 
the disease (Nicolle and Anderson, loc cil , Moskwm, 1929 , Kritschenski and 
Dvolaitskaya-Barischewa, 1931 , Pavlovskii, loc cit ) although other authorities 
have incriminated 0 iholozani (Dschunkowsky, loc cit , Starobynsky, loc ett , 
Samsonov, loc cit , Marzinowsky, 1927) 

We were never in close enough contact with these cases to be able to obtain 
sub-inoculations into animals from them The officers concerned, however, -ft ere 
kind enough to supply us with blood smears and samples of serum taken from 
patients at various stages of the disease which proved that we were undoubted! v 
dealing with cases of relapsing fever and enabled us to institute a comparison 
between the two varieties ot the disease with very interesting results 


• Cortam tioU from tlio roof of this house ivero sent to us for identification These proved to ho 
Argas persicus Prolonged attempts to make these msects feed on monkeys proved tmsnccessfnl 
although the} readily fed within ten minutes ■when placed on fowls ’ 
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The results of the oxamniation of these patients’ sera against the different 
types of spirochsete derived from our louse-borne Madras and Punjab strains are 
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set forth in Tables II, III and IV Twenty-nine cases were examined in all 13 
from the Kurram (Table II), 10 from Drosh (Table III), and six from Quetta 
(Table IV) In a considerable number also, moie than one sample of serum ims 
received from the bame case, so that it was possible to verify earlier results y 
exammations which were carried out at a later stage As matters turned out R 
was fortunate that this was possible, for the picture presented by these cases was 
quite different from that shown in the previous tables which dealt with outhreaK 
of the louse-borne types of the disease in other parts of India 

No less than two-thirds of the cases in the present groups (19 out of 29) m' 
to show any reaction irhatsoever with any of the types of spirochsetc in oi^^ 
possession, although the samples of serum were taken at a stage of the 
when a positive result might confidently have been expected in the 
type The cases giving negative results were found m all three areas as lo o ^ 
the Kurram, 7 out of 13 , Drosh, 9 out of 10 , and Quetta, 3 out of o 






































Table II 

Owing the results of agglutination tests earned out loilh the lanous types of spiiochcetes derived from the Madras strain 
and sera from patients suffering from i elapsing f eve'' in the Kurram Valley on the North-West Frontier of India 
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Fw) tiler Ohseivaiions on Indian Relapsing Fevei 


10 positive cases only foiu reacted in dilutions of over 1 /lOOO , in six cases the 
sera reacted with two or more types of spirocluete Positive reactions were 
obtained with the various types as follows — 


Types of spiro- 
pbjete 1 

1 

B 

B 

C 

D 

E 

E 

1 

1 

G 

H 

1 

I 

Number of 
case*! 

2 

3 

8 

2 



2 




a distribution which is at variance with the findings already recorded for other 
areas in India where the ‘ A ’ and the ‘ B ’ spirochsetes were the types mogt cominoiily 
involved 

Turning to the individual cases, the nature of the reaction recorded vnth the 
serum of M K (Table II, Kurram Valley No 1) leaves little doubt that this 
case was an example of the louse-borne type of the disease, and the length of the 
first attack (10 days), combined with the fact that there was only a single relapse 
and that the patient contracted the disease while on leave in India, all corrobora e 
this point of view It is possible also that A D (Table III, Diosh No 1), 
and W S (Table IV, Quetta Nos 2 and 3) may be examples of the same km 
but the supportmg evidence in these cases is not so definite as it is in the case 
ofM K 


On the other hand, defimte positive reactions have been obtained with case 
which, according to the clinical picture, undoubtedly belong to the 
variety of the disease Examples of these are H G (Table II, Kurram Va ey 
No 2) who showed four short attacks in only two of which the spuochaete was loun 
and whose serum reacted to the ‘ 0 ’ and ‘ D ’ types of spirocheete in 
1/2560 and 1/640 respectively , R N (Table II, Kurram Valley No 4) v 
had three or more attacks of the same type (spirochsete found on two 
only) and whose serum reacted with the ‘ G ’ type of spuochsete (1/320), and r ^ 
(Table II, Kurram Valley No 3) whose serum gave a positive reaction to the 
and ‘B ’ types of spirochsete (1/640 and 1/80 respectively) 

The remaming three positive cases, also belonging clinically to the tick- orac 
variety, gave reactions to the ‘ C ’ type of spirochsete alone and m strengths 
lie between a dilution of 1/640 (M K , Table IV, Quetta No 1) and a mere 
of a reaction, 1/20 (R S , Table II, Kurram Valley No 10) 

It would appear, then, from the results obtained with this group as ^ 
that both varieties of the disease are probably represented on the iSor 
Frontier, the cases carried by the louse givmg the same type of reaction a 
already described for other regions, the examples of the tick-borne vane y’ pj 
other hand, givmg a poor or no immunological response to our louse-borne yp 

spuochsete V-hornc 

Our results show, we think, that the spuochmte responsible for t e 
form of the disease m this area is either a different serological entity or e sc i 
incapable of stimulatmg the formation of the anti-bodies which play sue 
tant part m brmgmg the attacks of the louse-borne variety to an en ^ jpdi 

ness of the attacks and the scarcity of the spuochsetes m the blood a 
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favour the latter view, but the presence of positive reactions in certain of our cases 
shows that under certain conditions anti-body formation is possible 

Taking these latter cases into consideration we are inclined to the view that 
there may "be some serological connection between the Frontier strain of spirochsete 
and our louse-borne types and that the spirochiete may have been modified m some 
way by passage through, a different insect vector We nere unfortunately not 
in close enough touch with the cases themselves to investigate this hypothesis more 
precisely by means of experunents with the strams of spirochsete responsible for the 
two types of the disease 

The formation of anti-bodies by the tick-borne varieties of spirochrote is 
reported by many authors (Brussin, 1926, 1926 , Brussin and Rogowa, 1927 , 
Jackunow, 1928, 1929 , Gori, 1928) At the same tune other observers have not 
been able to demonstrate their presence (Gray, 1928, 1929 , Plant and Grabow, 
1930) 

One of us (J C ) had the further opportunity of testmg our louse-borne type 
sera and the sera derived from some of the cases of the tick-bome fever in the 
Kurram with three other strains of spirochsete obtamed from different laboratories 
in Europe * Two of these produced scanty but persistent infections in mice similar 
to those usually described for Sp duttom, the other produced heavy progressive 
infections similar to those observed m infections with Sp carten in India 

In no case was a definite positive reaction obtamed with either the ‘ louse- 
borne ’ sera or the Kurram Valley patients’ sera, although a trace was observed 
with the * Berlin ’ strain and our strains ‘ G ’ and ‘ D ’ We were forced to the 
conclusion, therefore, that the European strains tested and the Indian types of 
spirochaste did not contam any antigen in common As far as the Edmburgh 
stram {Sp duttom) was concerned, however, Gray (1928, 1929) was unable to demon- 
strate the presence of anti-bodies of any kind in his own blood or in the blood of 
experimental anunals, after infection with this oiganism It may be, therefore, 
that certain strams, of which this orgarasm is one, neither produce nor react with 
spirochsetal anti-bodies 

Whether or not any defimte serological relationship will ultimately be shown 
to be present between the organisms responsible for the louse-borne and tick-borne 
varieties of relapsing fever in India, there seems to be little doubt that the ‘ mech- 
anism ’ of the two diseases is quite distmct Some process seems to be at work in 
the tick-borne variety which checks the ever-increasmg multiplication of the 
spirochEetes, which, m its turn, causes the prolonged febrile attacks with the forma- 
tion of anti-bodies on a grand scale Whether this process is inherent in the strain 
of spirochsete or is due to some agency on the part of the host, either insect or human, 
IS a question which must await further investigation for an answer 


* Two of the above three strains were obtained through the kind offices of Colonel S P lames, 
F R 3 , 1 M 3 {retd ), and Professor Xooht of Hamburg, from Professor KoUe of the Institnt fur Eipen ’ 
monteUe Therapie, Frankfurt a M and Professor Kroo, Robert Koch Tnstitut, Berlin The 6rst of 
these was labelled ‘ Russian Recurrens, Sp otenneieri ’, the second, ‘ 8p cbermtxtrt ’ The third nas 
a strain of Sp dvllonx lent bv Professor T J hlachie of Edinburgh University and was ongmallv 
obtained from the London School of Tropical Medicme This strain was used by Gray m his work on 
this sitbjcot (1928, (929) hTo information of the ultimate source of anv of these strams was 
obtainable 
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Fuitlier OhseivaUons on Indian Relapsing Feuer. 


One furtlier point requires mention Attention lias already been directed to 
one of tbe Dera Ghazi Klian group of cases (P R No 1) wliose serum failed to react 
with any of our ‘ louse-borne ’ tjqies The reactions obtained in this case thus 
resemble those recorded -with the tick-bornc cases occurring in the trans-frontier 
stations Unfortunately full details with regard to the number and type of the 
attacks were not available in this case, but blood films taken early in the attack 
showed spirochaetes, while those taken later in the day were reported negative 
This fleeting appearance of spirochaetes is significant, and, taken m conjunction 
with the serological reactions, makes it probable that we are dealing with an example 
of the tick-borne variety of the disease If this is the case then this form of tlie 
disease must occur in more easterly districts in India than hasbeenrecorded hitherto 
and a careful watch for such cases should be kept in future with a view to investi- 
gating the extent of the endemic area and studying further the epidemiologj" of 
this type of the disease 


Summary 


1 A comparison of the disease as it occurs in experimental animals and in 
human beings has been made by (1) the examination of spirochsetes derived from 
different natural human infections, and (2) the investigation of the agglutinin 
content of the serum of patients at different stages of the disease to the various 
louse-borne types of spirochaete which have come to light as the result of an 
investigation into experimental infections in animals 

2 Spirochsetes isolated from three separate human examples of the louse- 
borne type of the disease in the Punjab proved to be identical with tliree of tiie 
types derived from the Madras strain (strams ‘ Punjab 1 ’ with type ‘ A ‘ Punjab 
2 ’ with type ‘ B ’, and ‘ Hazro ’ with tvqie ‘ C ’) 

3 The human sera tested were derived from epidemic and sporadic outbreaks 
of the disease in various parts of India as follows — 

{a) Samples taken from 132 cases obtained from an epidemic of the disease 
in the Nilgin Hills in the Madras Presidency in 1924 
(6) Eighteen samples from three sporadic outbreaks occurring w the 
Punjab , — Multan, Hazro and Dera Ghazi Khan 
(c) Twenty-nine samples from three areas in the North-West Frontier j 
the Kurram Valley, Drosh (near Chitral), and Quetta 

4 The majority of the sera from the outbreak m the Nilgui Hills were 
against the ‘ A ’ type of spirochmte ouly , a few against the ‘ B ’ type The re 
of the tests were consistent with the view that the majority of the infections in 
epidemic were caused by the ‘ A ’ and ‘ B ’ types and that the course of an i- 
formation followed closely that described as occurring m experimental anima 

5 Similar conclusions could be drawn trom the tests carried out wit 

samples of sera obtained from hlultan, Hazro, and Dera Ghazi Khan ^ 

exception of one case) in the Punjab, and further that the nature of jj-gs 

infections in the North of India was similar to those encountered in tne 


Presidency. r/'lnnsm" 

6 Evidence of the existence of the Persian variety of tick-bome 
fever, as well as the louse-borne type, was obtained from a study of the m 
occuned m the three areas m the North-West Frontier The numerous 
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attacks, the scarcity of spirocheetes m the blood and the resistance of the infection 
to treatment — all typical features of this variety of the disease elsewhere — were 
noted by the medical officers m charge ot the cases 

7 The serum of the majority of cases m this group failed to show any reaction 
with any of the louse-borne types of spirochsete already isolated, although repeated 
tests were carried out at suitable periods during the disease Certain of the cases 
which gave positive reactions were, in all probability, examples of the louse-borne 
variety , but reactions were also obtained m certain cases in which the clinical 
picture was undoubtedly that of the tick-borne tjpe 

8 In these cases the largest number of positive reactions occurred with the 
‘ C ’ type of spirochsete a distribution which is at variance with tlie findings 
already recorded in other areas in India where the louse-borne type of the disease 
IS prevalent 

9 The ‘ natural history ’ of the two varieties of the disease is quite distmct, 
whatever the serological relationship between the spirochsetes responsible for the 
two types of the disease may be 

10 Attention is drawn to the possibility of one of the cases which occurred 
in Dera Ghazi Khan being in reality an example of the tick-borne variety of relap- 
sing fever If such was the case, then this form of the disease occurs in more 
easterly districts m India than has been recorded hitherto 

11 Reference is made to further tests c&rried out with the Indian ‘ louse- 
borne ’ tjqie sera and certain ‘ tick-borne ’ sera (from patients who had sufiered 
from the disease m the Kurram Valley) and strains of spirochEete obtained from 
different laboratories in Europe No positive reactions were recorded in any of 
these tests 


Conclusions 

1 The types of Sp carten appearing m louse-borne epidemics of relapsing 
fever m North and South India are identical 

2 The principal serological types mvolved in these outbreaks are those 
previously described as types ‘ A ’ and ‘ B ’ 

3 Anti-body formation in human cases of the louse-borne variety of 
the disease follows the same course as that already described m the experimental 
animal 

4 The Persian (tick-borne) variety of relapsing fever exists on the North- 
West Erontier of India The ‘ natural history ’ of these two varieties of the disease 
(louse-borne and tick-borne) is quite distinct 

6 Some serological affinity between the spnochsetes causing the two varieties 
of the disease appears probable, but its extent is doubtful Most of the sera derived 
from patients on the North-West Frontier failed to react with any of the louse-borne 
types of spirochsete already described Where reactions did occur, however, the 
‘ C ’ type was the one most frequently involved 

6 Sera obtamed from louse-borne and tick-borne infections in India failed to 
agglutmate certam strains of spirochaste obtained from various European labora- 
tories ^ 
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STUDIES ON THE ANTIGENIC STRUCTURE OE 
VIBRIO GEOLERM 

Part VIII. 

THE SPECIFIC CAHBOHYDRATE CONTENT AND SEROLOGY 
OF THE ACID-SOLUBLE FRACTIONS 

BY 

RICHARD W LINTON, ph b , 

B N MITRA, M sc , 

AND 

S C SEAL, M B 

{Qholera Inquiry, Indian Research Fund Association, All-India Institute 
of Hygiene and Public Health, Calcutta ) 

[Keoeived for publioation, October 22, 1934 ] 

We Lave previously reported tLe results obtamed from the study of the three 
fractions into which the vibrios can be divided by extracting them with 0 026 N 
and 0 05 N HCl in alcohol (Linton and Mitra, 1934) The fiist fraction, which we 
designated the ‘ A ’ fraction, appeared to ha\e a characteristic constitution quite 
distinct from that of the whole vibrio and also from that of the second ‘ B ’ frac- 
tion, and the Residue left after removing ‘ A ’ and ‘ B ’ This difference was found 
in its Hausmanu nitrogen analysis, in its * racemization ’ cun^e in dilute alkali, 
and m its specific rotation 

We have continued the study of these fractions m a representative group of 
vibrios (Table I), and are presenting m this paper some further data on their distri- 
bution in the vibrios, on the distribution of the specific carbohydrates in the frac- 
tions themselves and the relation between this distribution and agglutinabihty, 
and on some cross-reactions with anti-sera against the whole vibrios and against 
these separate constituents 

Methods 

In our experience, the minimum amount of grow th necessary for satisfactory 
analjses of the kind repoited here is that obtained on the equivalent of 150 Roux 
flasks meubated for 48 hours In most of our experiments this amount was 
exceeded, and in some of them, doubled The vibrio growth v/as washed off in 

- ( 617 ) 
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distilled water to whicli phenol had been added to make a 1 per cent solution, and 
the whole mass put through the Sharpies c^'nlnfuge, taken up in distilled wjiter 
and the process repeated until the uash water, after boiling it ivitb 3 per cent H2SO4 
to hydrolyse any agar present, no longer reduced Benedict’s solution It is essential 
that the washing and testing of the supernatant fluid he carefully carried out, and 
the process continued until a negative result is obtained, as otherwise an appre 
ciable quantity of agar and reducing substance from it may be carried over, and 
thus invalidate the succeeding experiments on the reducing substances of the vibrios 
themselves The final ivashmgs ivere taken up in 1 litre of 95 per cent alcohol and 
heated for one-half hour at 50°C After centrifuging, the ‘A ’ and ‘B ’ substances 
were extracted according to the following scheme — 

‘ A ’ substance — 1st extraction 975 c c absolute alcohol and 25 c c N/1 HCl, 
to make a 0 025 N solution 

Heated for one and one-half hours in the water-bath at 55°C , with constant 
stirring 

Second extraction identical in every way with the first 


After each extraction the mass was cooled and run through the Sharpies cen- 
trifuge and the slightly turbid fluid was put through a Seitz filter, using an E-K disc 
The two water-clear extracts were united, concentrated in vacuo to 150 c c to 
200 c c , and precipitated with three volumes of ether After standing overnight in 
the ice-box, the light-brown, granular precipitate was collected and dried in an air- 
oven at 50°C ‘ A ’ substance is extremely hygroscopic and the larger amounts, 

such as we have worked w'lth here, do not dry satisfactorily at ST^C , although we 
were able to use this temperature in our previous work with smaller amounts 
‘ B ’ substance — After ‘ A ’ had been extracted, the vibrios were taken up m 
the following solution — 

Seven hundred and fifty c c absolute alcohol, 200 c c normal saline, and 
50 c c N/1 HCl, to make a 0 05 N solution 
Second extraction made in exactly the same way 
Third extraction 375 c c absolute alcohol, 100 c c normal saline, an 


25 c c N/1 HCl 

In the case of each of these extractions the vibrio suspension was hoded 
for 15 minutes (b p 82°C ) After cooling and centrifuging, the extracts ue 
added together, put through a Seitz filter (E-K disc) and the clear brown 
brought to the point of maximum precipitation by the addition, slowdy ana 
constant stirring, of strong NaOH The maximum piecipitation of ‘ B 
was found to occur quite sharply at a point ]ust slightly acid to 
standing overnight m the ice-box the ‘B ’ substance was collected 
50°C in the air-oven The precipitate of ‘ B ’ is floccular, light and bin^j 
that of ‘ A ’ IS granular and collects at the bottom of the cylinder after a 
hours’ standing m the cold 

After the extraction of ‘ A ’ and ‘ B ’ the Kesidue w as dried at 50 C , or mo 
usually at 37°C , and weighed From it the specific carbohydrate wa ^ 
extracted as follows The dried mass was powdered j-.-o hours 

400 c c (depending on the weight) of 4 pei cent NaOH, placed at 37 0 
and stirred frequently. At the end of this period practically all 01 
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was in. solution and this was taken, brought ] ust to the alkaline side of htmus 
with HCl, and enough absolute alcohol added to cause complete piccipitation 
The amount of alcohol necessary for this purpose varied between 3 and 
10 volumes with different strains of vibiios After standing for an hour or two, 
the precipitate was centrifuged oft, taken up in distilled water and stirred 
thoroughly A few drops of concentrated HCl were then added until 
the precipitation of the protein was complete After centrifuging, the clear 
supernatant was put aside and the protein again taken up in water, made 
alkaline to facilitate solution of the carbohydrate, lepreeipitated with acid 
and again centrifuged The two supernatants were then added together, made 
slightly alkaline and precipitated with 1 5 volumes of absolute alcohol Under 
these conditions the specific carbohydrate usually flocculates at once, and may be 
collected, washed tiU free from alkali and dried within 3 or 4 hours If allowed to 
stand for much over 24 hours a vaxymg amount of inorganic material also 
precipitates 

The dried ‘ A ’ and ‘ B ’ extracts, and the specific carbohydrate extracted from 
the Residue, were finely powdered, taken up m 10 c c or more of 3 per cent IIsS 04 , 
and hydrolysed in the boding water-bath In the earlier part of the work the 
percentage hydrolysis was followed at intervals up to 6 hours, and it was found 
that after two and one-half hours the amount of reducing substance either shoued 
no change or was somewhat decreased, and this period was accordingly adopted 
uniformly in the later experiments 


Results 

Altogether 16 extractions on 10 strains of vibrio have been made The origin 
of these strains, the type of growth they exhibit and the groups into which they 
fall on the basis of their protein and carbohydrate structure are shown in Table I — 

Table I 


Data on the strains of cholera and cholera-hhe vibrios used 


1 

Strain 

Source 

i 

Type of groTvth j 
on agar ■ 

Vibno 
group ♦ 

1617 

j 

Cholera j 

1 

Smooth 1 


Rangoon Smooth 

Cholera ' 

Smooth 


Rangoon Rough (11 

Erom Rangoon 
Smooth 

Rough 


Rangoon Rough (2) 

Prom Rangoon 
Rough (1) 

Rough 


Basrah I 

Cholera : 

Smooth Rough 


2027 

Cholera 

Smooth 


505 

Cholera ! 

Smooth Rough 


W 880 

Water I 

Smooth Rough 


El Tor 

Human , non 
cholera 

Smooth Rough 

j IV 

79 B 

Cholera 

Smooth Rough 

IV 


* The basis of this classification has been detailed m a paper bv Linton 
Mitra and Shnvastava (1934), and a wore extended discussion is included 
in the succeeding paper of this senes (Part IX) (pp 633-657, this issue) 
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Table II contains tlie quantitative results of tbe extractions — 

Table II 


Yields of ‘ A \ ‘ jB ’ and Residue substances from the mbnos 



Stram 

‘ A ’ Buhstance, 
g 

‘ B ’ substance, 
g 

Residue; 

g 

Total 
’ weight, 
g 

Percen- 

tage 

‘A’ 

Percen 

tage 

‘B’ 

Percen 

tage 

Residue 

1 

1617 

0 60 

0 86 

82 

9 65 

62 

88 

860 


1617 

0 20 

0 75 

86 

9 55 

20 

78 

00 2 


1617 

0 40 

0 96 

10 0 

1136 

36 

83 

88 2 

2 

Rangoon 

Smooth 

0 29 

116 

80 

944 

30 

12 0 

86 0 

3 

Rangoon 
Rough (1) 

0 14 

0 69 

46 

6 33 

26 

12 7 

84 8 

1 L. 

4 

Rangoon 
Rough (2) 

0 37 

0 63 

4 23 

6 23 

70 

12 0 

810 “ 

6 

Basrah I 

0 32 

0 81 

8 68 I 

9 71 

33 

83 

88 4 

6 

2027 

0 23 

0 82 

3 1 

416 

62 

20 0 

74 8 


2027 

0 16 

0 88 

7 04 

8 07 

1 8 

no 

87 2 

7 

606 

0 84 

107 

11 64 

13 56 

62 

80 

86 8 


506 

0 38 

0 78 

844 

9 60 

40 

80 

88 0 

8 

W 880 

0 81 

1 13 

13 30 

16 24 

63 

74 

87 3 


W 880 

0 69 

108 

8 31 

10 08 

68 

10 7 

82 6 


W 880 

0 87 

1 89 

22 08 

24 84 

35 

76 

89 0 

9 

El Tor 

0 26 

0 64 

9 82 

10 72 

24 

60 

916 

10 

79-B 

1 26 

147 

14 02 

16 76 

76 

88 

83 7 


The data in Table II are closely sunilar to those which we 
In any given extraction the amount of ‘ A ’ is always less than that of ‘ B , 
the same time we have again observed that with repeated extractions ot the 
strain absolutely concordant percentage results are not obtained In geneia ^ ^ ^ 
percentages reported here are somewhat higher than those found previous y 
substance averages 4 2 per cent against 2 2 per cent and ‘ B ’ substance 9 
against 6 6 per cent In that paper our study was made on about one-tenth i 
growth, and it is possible that the greater proportionate loss inherent m ^ ^ 

with the small amounts may account for the difierences observed in the per c 
yields 
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In Table III are given tbe absolute amounts and percentages of reducing sub- 
stances obtained after tbe hydrolysis of the ‘ A ’ and ‘ B ’ fractions and of the 
specific carbohydrate of the Residues — 


Table III 

Redwing substances in the ‘ A \ ‘ B ’ and Residue fi actions of the 

strains of vibrios 




REDUOIHG SUB3TASOES IN 


PeEOESTAOE of KEDUCIKa 
• SUBSTANCES IN 


Stram 

‘ A % mg 

‘ B mg 

Residue, 

mg 

Total, 

jng 

‘A’ 

‘B’ 

Residue 

1 

1617 

97 

93 

116 

30 6 

32 

30 

38 


*1617 

63 

110 

76 

24 0 

22 

46 

32 


1617 

60 

110 

10 0 

27 0 

22 

41 

37 

2 

Rangoon 

Smooth 

45 

17 0 

36 

26 0 

18 

68 

14 

3 

Rangoon 
Rough (1) 

42 

400 

36 6 

79 7 

1 

5 

60 

46 

4 

Rangoon 1 

Rough (2) 

70 

39 0 

20 0 

66 0 

11 

69 

30 

6 

Basrah I 

ao 

48 0 

60 

67 0 

6 

84 

11 

6 

2027 

46 

10 2 

23 

17 0 

26 

60 

16 


2027 

42 

10 0 

30 

17 2 

26 

68 

17 

7 

605 

80 

16 0 

13 0 

36 0 

22 

41 

87 


606 

66 

17 0 

30 

26 3 

24 

64 

12 

8 

W 880 

66 

62 0 

16 0 

82 6 

6 

76 

19 


*W 880 

63 

19 0 

62 

30 6 

17 

62 

21 


W 880 

120 

40 0 

16 0 

68 0 

18 

59 

23 

9 

El Tor 

25 

310 

40 

87 5 

7 

83 

10 

10 

79 B 

80 

72 0 

70 

87 0 

9 

83 

8 


* In these tvs o instances the specific oarbohvdrate vras not separated from the Residue and 
the reducing power was determined after the hydrolysis of the whole Residue protein Comment 
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In general the data given in T.ihle III show that, considered absolutely, ‘B’ 
fraction usually contains more of tlic reducing substance than either of the other 
fractions In some cases (e g , Basrah I and El Tor) ‘ B ’ fraction may possess no 
less than four-fifths of the total reducing power of the vibrio carbohydrate It is 
also clear that ‘A ’ and ‘B ’ together contain, in proportion to their amounts in 
the vibrio, much more reducing substance than the Eesidue does The data m 
Table III have been considered in relation to the proportionate amounts of each 
fraction, by taking each fraction separately to repiesent 100 per cent of the vhole 
vibrio and calculating the amount of reducing substance which would be present 
This calculation gives a figure for the reducing substances in each of the fractions 
in proportion to the amount of the fraction The results are given m Table IV 
and diagrammatically in the Graph — 


Table IV 


Reducioig substances %n the ‘ A ‘ B’ and Residue 
1 fractions of vaitous vibiios in relation 
to the amount of each fi action 


Strain 


1 1617 


1G17 


1617 


2 Rangoon 
Smooth 


3 Rangoon 
Rough (1) 


4 Rangoon 
Rough (2) 


Fraction 

. 

Percentage of 
whole vibrio 

Calculated amount of 
reducing substance 
m proportion to 
percentage of 
fraction 

‘A’ 

62 

166 

‘B’ 

88 

106 

Residue 

85 0 

14 

«A’ 

20 

244 

‘B’ 

78 

141 

Residue 

90 2 

8 

‘A’ 

36 

171 

‘B’ 

8 3 

131 

Residue 

88 2 

11 

‘A’ 

3 0 

160 

‘B’ 

12 0 

139 

Residue 

86 0 

4 

. . 

‘A’ 

25 

170 

‘B’ 

12 7 

315 

Residue 

84 8 

42 

‘A’ 

7 0 

99 

‘B ’ 

12 0 

322 

Residue 

81 0 

25 
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Table IV — concld 


Strain 

I 

Eraotion 

Percentage of 
whole vibrio 

Calculated amount of 
reducing substance 
m proportion to 
percentage of 
fraction 

r 

‘A’ 

93 

91 

6 Basrab I ■' 

•B’ 

83 

571 

1 

B.eaidue 

88 4 

7 

1 

1 

1 ‘A’ 

52 

85 

6 2027 t 

i 

20 0 

51 

1 

j Reaidaa 

74 8 

3 

( 

‘A’ 

1 8 

236 

2027 ( 

‘B’ 

110 

92 

1 

Residue 

87 2 

3 

1 

< A’ 

52 j 

127 

7 505 1 

‘B’ 

80 ! 

190 

1 

Residue 

85 8 

15 


‘A’ 

40 

164 

505 

<B’ 

80 

209 


Residue 

88 0 

3 

f 

‘A’ 

63 

106 

8 W 880 1 

‘B’ 

74 

835 

\ 

Residue 

S7 3 

1 

17 

f 

‘A’ 

68 

78 

W 880 \ 

‘B’ 

10 7 

178 

i 

Residue 

82 5 

8 

f 

‘A’ 

35 

343 

W 880 t 

‘B’ 

75 

526 

1 

Residue 

89 0 

IS 


‘A’ 

24 

100 

9 El Tor 

‘B’ 

60 

521 


Residue 

91 6 

4 

f 

‘A’ 

75 

111 

10 79 B 1 

‘B’ 

88 

818 

1 

Residue 

83 7 

8 


As tlie data in Table IT and tlie Graph sliorr, the preponderant amonnt of 
reducing substance (in proportion to the quantity of the fractions) is present in 
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the ' A ’ aud * B ’ fractions, winch on the average have together about 45 times as 
much as the Residue, ‘ A ’ having 15 times and ‘ B ’ 30 times the amount The 
possible position of these amounts of reducing substance in the vibrios is of interest 
On the basis of the mode of extraction v e have used it appears not unlikely, especiallv 
in the case of ‘A’ fraction, that the ‘A’ and ‘B’ fractions may represent the 
outer portions of the vibrios Tlie demonstration of reducing substances in these 


Graph 



640 

480 

920 

160 

O 

6 ( 0 ) 



A D F) 



0(0) ©lO) 9K[f} 



AOR ABR ABR 

10(0) 10(0) 10(C) 


Proportionate amonnts of reducing substances in the ‘ A ‘ B ’ and Residue tractioM 
vibrios 1, 79-B , 2, El Tor , 3, Basrah 1,4, Rangoon Smooth , 6, Rangoon Rough (1) , 6, R® e 
Rough (2) , 7 (o, 6, c), 1617 , 8 (o, b), 2027 , 9 (a, 6), 605 , 10 (o, h, c), W 880 


fractions may be correlated with tw^o sets of observations which have repeate J 
been made on the bacteria in general, namely, that their berological reactions a 
surface reactions, and that in these reactions the specific carbohydrates p ^7 . 
outstanding part If ‘ A ’ and ‘ B ’ represent the actual surface layers, 
relatively large amounts of specific polysaccharide which they *0 

expected Along the same line is the observation that the Residues, r 
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their amounts, contain vanishingly small quantities of specific substance, and as 
we have shown below, they are almost inert serologically 

We have also considered the agglutinability of this group of vibrios in relation 
to the relative distribution of reducing substances in their fractions Cross- 
agglutinations were carried out within the group, and the results, expressed as the 
maximum titres obtained after 3 hours at 66° C , followed by a final reading 
after 18 hours in the ice-box, are given m Table V — 

Table V 

Gros'i-aggluUnation litres of the mbno strains 


Ash sera 


Antigens 

I 1617 

1 

1 

Rangoon 

Smooth 

Rangoou 
Rough (2) 

2027 

W 880 

1 

El Tor 

Agglutmability 
with anti cholera 
sera 

1617 

1 

1 

2,000 

400 

0 

400 

0 

600 

Agglntmable 

Rangoon Smooth 

2,000 

6,000 

0 ! 

600 1 

0 

0 

Agglutinable 

Rangoon Rough (1) 

0 

0 

0 

0 

0 

0 

Inagglutinable 

Rangoon Rough (2) | 

0 1 

0 ! 

4,000 

0 

0 

0 

Inagglutinable 

Basrah I ' 

1,000 

0 

0 

0 

0 

0 

Irregular * 

2027 

1,000 

1,000 

0 

2,000 

200t 

0 

Agglutipable 

606 

2,000 

1,000 

0 

600 

0 

0 

Agglutinable 

W 880 

0 

0 

0 

0 

6,000 

0 

Inagglutinable 

El Tor 

400 

600 

0 

600 

0 

4,000 

Agglutinable 

79 B 

1,000 

1,000 

0 

1,000 

1 

0 

1 0 

Agglutinable, but 
irregular 


♦ Basrah I agglutinates irregularly in the sense that the agglntmahihty, which is usually negative, 
may in an occasional sub culture be positive 

t This cross reaction js o£ interest in view of the fact that these two vibrios, one from water 
and the other from cholera, have the same type of arabiuose contammg specific substance 


It should be noted that the reactions recorded in Table V were done with yountr 
living cultures If the antigens are old or have been killed by heat the ag"lutina° 
tion titre of many vibrios is sometimes greatly reduced or may even be absent This 
observation holds especially for strain 79-B and is also true to a lesser degree for 506 
the latter when heated at 60°C for one-half hour becomes inagglutinable with 
Rangoon Smooth anti-serum, whereas m the living condition it agglutinates as the 
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Table shows at 1 1,000 It js possible that this phenomenon may give a further 

lead in the question of the relationship between vibrio structnie and agglutinability, 
and a study of it is now being made 

Although the agglutination titrcs show the variability and specificitv whieli is 
consistently found among the vibiios, it is possible to designate the following strains 
as agglutinable 1617, Eangoon Smooth, 2027, 505, 79-B and El Tor , the agglutino- 
gemc power of the latter is low The other stiains show irregular agglutination 
(Basrah I) oi absence of this property [Rangoon Rough (1) Rangoon Rough (2), 
and W 880], except to their own anti-sera V hen the vibrios aie grouped on thb 
basis in conjunction i7ith the relative preponderance of leducing substance in 
‘ A ’ or ‘ B ’ the results are as given in Table VI — 


Table VI 


RelalionsJnp between relative distnbahon of reducing substance and 
agglutinabiliiy m the oibnos 


Strain 

Agglutmahility 

Difference bet-ueen the 
relative amounts of 
reducing substances in 
‘ A ’ and ‘ B ’ fractions 
{‘ A ‘ B ’) 

Reaction to 
Millon’s 
reagent 

Vibno 

group 

number 

1617 

Agglutinahle 

+ 50 

Smooth 

I 

1617 


-J-103 

>> 

I 

16J7 


+ 40 

99 

I 

Rangoon Smooth. 


+ 11 

99 

I 

2027 

J) 

-1- 34 

99 

II 

2027 

>> 

-1-144 

99 

n 

505 

99 

-63 

Smooth Rough 

II 

505 

99 

-45 

7> » 

11 

El Tor 

9 

-421 

Rough 

IV 

79-B 

Jf 

-708 

Smooth Rough 

IV 

Rangoon Rough (1) 

Inagglutmable 

-145 

Rough 

I 

Rangoon Rough (21 

99 

-223 

99 

V 

Basrah I 

Irregular 

-480 

Smooth Rough 

I 

W 880 

Inagglutmahle 

-729 

„ ” 

III 





III 

W 880 

99 

—100 

77 ” 






m 

W 880 

99 

—183 

77 •’ 

— 
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Three of tlie agglutinable strains (1617, Rangoon Smooth and 2027) show 
relatively more reducing substance in ‘ A ’ than in ‘ B ’ fraction, while the leverse 
IS the case in the other three strains in this category All of the inasglutinable 
strains have less carboliydrate in ‘ A ’ than m ‘ B ’ All the organisms which are 
smooth in the reaction with Millon’s reagent contain more reducing substance in 
‘ A ’ fraction than in ‘ B ’ fraction, while in those giving the smooth-rough and 
rough reactions the reverse is the case This finding is perhaps a further 
indication that ‘ A ’ fraction and its reducing substance is predominantly at the 
surface of the vibrios, since the reactions with Millon’s reagent, like the serum 
reactions, are probably surface phenomena 

The possible significance of the data in Table VI cannot be evaluated until 
more is known about the position of the ‘ A ’ and ' B ’ fractions m the vibrios, and 
their relation to agglutination , it is probable that this knowledge will come from 
the study of strains like El Tor and 79-B 


Serol-ogicu, reactions op the whole vibrios and fractions 

Rabbits were immunized by the intravenous iniection of the whole vibrios 
(1617 and W 880) and by the ‘ A ‘ B ’ and Residue fractions of these The doses 
of the fractions were 0 25 cc,04cc and 0 6 c c at five-dav intervals, followed 
a week later b}'’ doses of 0 5 c c and then 0 75 c c at weekly intervals for the four 
succeeding weeks The animals were bled a week later WTien 0 5 c c was given 
as a first dose all of the rabbits became lU and those receiving 1617 ‘ B ’ and 
W 880 ‘ B ’ died within a few hours The two strains 1617 and W 880 were chosen 
as the sources of anti-sera to themselves and their fractions because they appealed 
to be good examples of the coutiasting types of cholera and water-vibrios which 
we are studying They are chemicallv quite distinct, 1617 having Protein 
I and W 880 fcotein II, and the former the galactose- and the latter the 
arabinose-containmg carbohydrate, and finally they have shown very little 
variation and no irregularity in their characteristics since isolation 

The reactions used were those of agglutination where whole vibrios were 
concerned and of precipitation where the fractions were being studied The 
precipitin reaction was carried out by adding equal quantities of the undiluted sera 
and the clear solution of the extracts in water together, and incubating at 56°C 
for 3 to 5 hours The final readings were made after the tubes had stood overnight 
in the refrigerator As Table VII shows, two tjqies of precipitate appeared, 
floccuUr and granular The floccular type was usually present after the tubes 
had been one hour in the water-bath, and the granular t 3 qie appeared only after 
thiee hours and was better developed if a five-hour period was used The 
controls w'ere negative in every case 

Several points from Table VII may be briefly noted — 

Anti-sera — 1 W 880 whole anti-serum reacts only with its ow n ort^anism and 
with none of the other whole organisms Anti-serum to W 880 ‘ A ’ fraction reacts 
with all the whole organisms in the group The same is true of 1617 ‘ A ’ anti- 
serum which reacts with W 880 whole and Rangoon Rough (2) wliole, while the 
anti-<eruni to 1617 whole does not react wuth cither of these organisms' 

J, MB 


3 



Table VII. 

Agglutination and precipitin leactions between the antisera to whole vibnos and fractions of 1617 

and W 880, and fractions fiom a series of vibnos 
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Residue 
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2 1617 ‘ B ’ anti-serum reacis with the whole organisms throughout the group 

with the exception of Rangoon Rough (2), and the "W 880 ‘ B ’ anti-serum does 
not react A\ith this organism or with 1617 whole The ‘B’ anti-sera are some 
what less reactive than the ‘ A ’ anti-sera 


3 The anti-seia to the residues of 1617 and W 880 react to about the same 
extent as those of the ‘ B ’ fiactions The reason for the irregularities of the 
cross-reactions of the four anti-sera to the ‘ B ’ and Residue fiactions is not evident 
fiom the data 


Anfigeiii, — 1 The whole oiganisms aie the most reactive antigens, the only 
failures in this respect, outside of those wdiere anti-sera to other whole organisms 
were used, being with anti-sera to the two ‘ B ’ fractions [W 880 ‘ B ’ vs 1617 
whole , 1617 ‘ B ’ and 880 ‘ B ’ vs Rangoon Rough (2)] 

2 The ‘ A ’ fractions are almost as reactive as the whole organisms, especially 
with ‘ A ’ anti-sera With the ‘ B ’ and Residue anti-sera the reactions of these 
fractions are irregular 


3 The ‘ B ’ fractions are only about one-third as reactive as the ‘ A ’ fractions, 
that of 1617 not reacting in anv of the tests, while where reactions do occur tlicY 
are of the slow-appearing, gianular tj^pe 

4 The Residue fiaction is nearly inert as antigen in these reactions , it is 
negative in all cases except that of Rangoon Rough (2) 

In geneial it may be said that as antigen an these reactions none of the fractions 
IS as good as the whole vibrios Next to it, and giving 20 reactions against the 
shown by the whole otganisms, is the ‘ A ’ fraction The ‘ B ’ and Residue fractions 
have six and three reactions respectively and are thus almost inert , at the same 
time they are capable of giving rise to active anti-sera 

The anti-sera to the fractions are more reactive, because less specific, than 
those to the whole vibrios ^ 

With reference to the kind of precipitate formed, there is again 
facts on which to base an explanation of the observed distribution 
and gianular types In general the whole and ‘ A ’ antigens of 1 617 and V ooO gi^^ 
floccular reactions, the Rangoon Smooth antigens are intermediate, and the 
strains, Rangoon Rough (2) and El Toi , are largely granular as far as these two 
are concerned , but this distinction is not clear cut On the other hand, the 
reactions in which the ‘ B ’ and Residue antigens of all the organisms 
are of the granular type The existence of a relationship between these observa 
and the floccular and granular types of agglutination on the one hand ana 
distribution of the ‘A ’ and ‘B ’ fractions and their specific carbohydrates on 
other appears to be a possibility, and is now being investigated 


Discussion 

The question has naturally arisen with regard to the reducing 
themselves as to whether, in the case of the ‘ A ’ and ‘B ’ fractions, 
represent the specific carbohydrates or w'b ether some of the reducing 
may be the result of hydrolysis of the carbohydrate portion of the nuc c k 
The type of hydrolysis which we have used is much less drastic than 
to hydrolyse proteins, which usually require at least 6 hours on the san 
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20 per cent acid, wliile m our work the hydrotysis has been carried on with 3 per 
cent acid m the water-bath for two and one-half hours However, m order to see 
whether the protein was yielding reducing substance under the conditions of the 
experiments, in two cases the specific carbohvdrate was not extracted from the 
Re''idue protein, but the whole fraction was itself hydrolysed in the usual way 
and the reducing power then determined The resuks, which concern the second 
of the three determinations of 1617 and W 830 in Table HI, show that hydrolysis 
of whole protein instead of mcreasing the amount of reducing substance found 
appear to make it somewhat less, in comparison with the expeiiments in which 
the caibohydrate itself was hydrolysed On the basis of these findings we may 
conclude that an invalidation of our results through the hydroljsis of protein is 
improbable 

StJMMABY 

The acid-soluble ‘ A ’ and ‘ B ’ portions of a series of vibrios have been studied 
with respect to then content of reducing substance (carbohydrate) and a comparison 
made between these amounts and the amount of substance left in the Residue after 
the extraction of the two fractious It is found that reducing substance is present 
in both the fractions and m the Residue and that the quantity in the latter is minute 
in proportion to the amount of the latter, which averages 85 per cent of the whole 
vibrio The ‘ A ’ and ‘ B ’ fractions have on the other hand proportionately large 
amounts of leducing substance There is some indireit evidence that these twm 
fractions, especially tl at designated ‘ A ’, represent the outer paits of the vibrio 
The ‘ A ’ fraqtion approaches the whole vibrio m its serological activity, while, as 
antigens in test-tube reactions, the ‘B ’ and Residue portions are almost inacti\e, 
although capable of giving rise to acti\e, non-specific anti-sera The anti-‘-era to 
the ‘ 4. ’ fraction is also non-specific 

With respect to the distribution of reducing power m ‘ A ’ and ‘ B ’ there appears 
to be a parallelism between smoothness as shown by the reaction to Mdlon’s reagent 
and the presence of more reducing substance m ‘ A ’ than in ‘ B ’ fraction Where 
the amount of reducing substance is greater in ‘ B ’ than in ‘ A ’ the organisms art 
smooth-rough or rough There is not, howexer, a complete parallelism between 
agglutmability and the possession by ‘ A ’ of the larger amounts of reducing 
substance The non-agglutinating strains in our senes have less reducing substance 
in ‘ A ’ than in ‘ B but of the six agglutinating strains, three have more m ‘ A ’ 
and three less 

Evidence is given to show that the source of the reducing power is the hydro- 
lysed specific polysaccharide of the vibrio 
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DISSOCIATION AND CHANGES IN CHEMICAL STRUCTURE 
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B N MITRA, M sc 

{Gholera Inquiry, Indiam, Research Fund Association, All-India Institute 
of Hygiene and Public Health, Calcutta ) 

[Beoeived for publication, December 6, 1934 ] 

We are presenting m tins paper the results of our investigations on the proteins 
and carbohydrates of sixteen vibrios, which we have studied along lines similar to 
those laid down in a previous communication (Linton, Mitra and Shrivastava, 
1934&) The organisms reported on here have been chosen chiefly on the basis 
of their variability, as in this way we have been able to note some of the chemical 
changes which underlie dissociation We have also included in the ‘ Discussion ’ 
a brief summary of the results of the work and have made an attempt to 
correlate these with the serological reactions The vibrio strains used include 
four Rangoon strains, four Basrah strains, four E! Tor strains, and a group 
of four other strains which present points of interest 

The Rangoon strains 

Rangoon Smooth and Rangoon Rough [designated Rangoon Rough (1) m this 
paper] were both isolated from a plate which had been streaked with stool material 
from a non-fatal case of cholera imported into Rangoon from Calcutta , the former 
was agglutinable, the latter non-agglutinable We received these two strains 
from the Central Research Institute, Kasauh, in September 1933 These vibrios 

{ 633 ) 
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undeiweut tbe usual routine sub-cultures and on a plate streaked witk Eangoon 
Eougli (1) in January 1934, a ‘ medusa-liead ’ colony was found, and the strain 
of wliicli tins colony was the origin was designated Rangoon Rough (2) Later on, 
Rangoon Rough (2) was itself intensively sub-cultured, as described below, and 
in June 1934 and again in October 1934 a smooth agglutinating strain was 
isolated from it This was designated Rangoon Rough (2o) These four strains 
constitute the Rangoon gioup, and they form an interesting series for the study 
of the chemical basis of variation 


The characteristics of these four strains are compared in Table I 

Rangoon Smooth (Plate XXIII, fig 1) is in many W'ays a typical example of the 
vibrios isolated in the majority'- of cases of cholera It has the usual colony mor- 
phology and the appearance in stained smears associated with cholera, very 

active motility and a single flagellum It is salt-stable, smooth w'hen tested with 
Millon’s reagent, gives the typical sugar reactions, indol production and type of 
growth in peptone watei It is both proteoly^tic and slightly haemolytic, the latter 
power having been gained since its first isolation It is resistant to bacteriophage 
types A, H and K (Shillong nomenclature) 


Rangoon Rough (1) (Plate XXIII, fig 2) is a strain having many similarities 
to the usual mn of lOugh dissociants In morphology’^ it shows considerable plco- 
moiphism , most of the vibrios are without flagella and the culture is accordingh 
almost non-motile Its sugar reactions, growth in peptone water and indol pro- 
duction are like those of the smooth homologue, but it is unstable m saline and 
rough to Milion’s reagent The haemolytic power is much stronger than that of 
Rangoon Smooth, while the proteolytic powei is the same It is non-agglutinating 
with anti-serum to Rangoon Smooth and wnth anti-sera to a number of other 
vibrios havmg the smooth characteiistics It is interesting to note that in the 
shift toward roughness the strain has become resistant to eight of the ten types 
of cholera bacteriophage, in contrast to the resistance of Rangoon Smooth to 
three types 


Rangoon Rough (2) This stiain shows a greater deviation from the smooth t^e 
than any othei with which we have woiked The colonies are of the dry, coOTgate , 
‘ medusa-head ’ ty'-pe (Plate XXIII, fig 3), resembling the Variant I of Balteanii 
(1926), and also a form described by Eiseuberg (1912) It is more motile thlin ) s 
immediate parent Rangoon Rough (1), but less so than the smooth homologue 
Rangoon Smooth Biochemically it does not produce indol at any" period up 
10 days, nor does it feiment any sugar except glucose, and that too only a ^ 
72 hours’ incubation It grows slowly- in peptone water with the formation o 
thick dry pellicle, and ivith only a slight turbidity in the rest of the 
proteolydic power on serum or gelatin, nor does it hmmolyse sheep s bloo Ipc 
except around certain areas where dissociation has occurred In Henev 

other strains it is resistant to all ten types of bacteriophage rhe cn^ 
toward further dissociation is strongly marked m this strain During 
SIX months after isolation, dissociation could be observed m 'of a 

around some of the rough colonies after they had incubated for severa ^ ’ gpou 
moist semi-transparent growth, and from this fringe the first . jPe 

Rough (2a) was isolated It w^as these fringes which were nJem y 
serological reactions of this strain are described below. 
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During the last few months, dissociation in Rangoon Rough (2) has apparently 
become more widespread, as now on any plate streaked with it only about 30 per cent 
of the colonies are of the ‘ medusa-head ’ type, the remainder being more like tbe 
Rangoon Rough (1) colonies in appearance 

The slowness of growth of Rangoon Rough (2) is one of its outstanding charac 
teristics An ordinary mass planting, using about 150 bottles of Rangoon Smooth 
or Rangoon Rough (1) yields about 24 g of bacteria (dry weight) Under the same 
conditions, except that giowth is allowed to continue for four days instead of tiro, 
Rangoon Rough (2) yields only about 4 g of dried bacteria With such a difference 
in speed of growth it is conceivable that Rangoon Rough (2) might lie hidden m a 
culture of Rangoon Smooth or Rangoon Rough (1) and that only accidentally and 
infrequently would streaking of one of these cultures succeed m isolating it as a 
distinct colony Rangoon Rough (2) does not agglutinate with anti-sera to Rangoon 
Smooth or Rangoon Rough (1), and with its own anti-serum it reacts slowly to form 
the granular type of agglutination 

Rangoon Rough (2o) This vibrio, whose origin has been described above, was 
isolated in an attempt to obtain a strain which had reverted, at least in part, toward 
the smooth condition The colonies on agar are smooth-rough, like those of 
Rangoon Rough (1), although moie opaque They appear to resemble the Variant 
III colonies of Balteanu (Zoc cit ) The organism itself is an actively motile curved 
rod, somewhat larger than the usual vibrio In peptone water it grows thinly but 
diffusely and forms a slight pellicle It is rough to Mlllon’s reagent, does not 
pioduce indol, but has, m contrast to its parent, the power of feimentmg 
mannite It is negative in the proteolytic tests but has regained the power of 
haemolysis Like its immediate parent it is resistant to all the ten types of cholera 
bacteriophage 


We may conclude that Rangoon Rough (2a) has shown the desired reversion 
toward smoothness in the following respects active motility, diffuse growm, 
increased power of fermentation and positive reaction in the haemolytic test on 
the other hand it resembles its immediate parent in failure to produce mdol, rougli- 
ness to Millon’s reagent, negative proteolysis and complete resistance to the bacterio- 
phage types 

In general, the Rangoon strains represent a series which runs from smoothness 
to extreme roughness and from the latter partially reverts tow'ard the smooth type 
again We have studied the proteins of the first three members of the gioup, an 
the carbohydrates and serological relationships of all of them 

Proteins — ^We have already detailed the methods, based on the work of 
Woodman (1921), which we have used for the differentiation of the vibrio pro e 
(Linton Mitra and Shrivastava, 19346) In brief, these consist of the col ec 
of about 40 g (dry weight) of the growth of each vibrio The globulin is „ 

out by repeated precipitation with ammonium sulphate, dialysed against m 
water, followed by distilled water, until sulphates can no longer be detecte , 
pseudoglobulin and euglobulin fractions separated, washed and dried n 
of the vibrios did more than a trace of albumin appear to be present, an 


of them it was entirely absent , 

The globulins wmre taken up in N/2 NaOH to form a ^ The 

polarimetric readings taken at intervals over a period of about d 
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proteia solutions are kept at 37°C during this period It was found that the optical 
activity of the solutions decreased, rapidly in the first twenty-four hours and more 
slowly thereafter, until after about 220 hours no further change occurred The 
rate of change in optical activity plotted against the tune always yielded a perfectly 
smooth curve, and we have found that only two kinds of curve are obtained The 
protein giving the first of these we designated Protein I and that giving the second 
curve. Protein II Protein I is the protein generally found in the cholera vibrios 
and Protein II in the water’-vibrios and the El Tor vibrios It is possible that the 
two types of protein are the result of the different manner m which the same kinds 
of amino-acids are grouped together within the molecule (Linton, Mitra and 
Shnvastava, 1934a) The rate of change in optical activity is a function of the 
rate of change within the protein molecule under the influence of alkali and will 
thus vary with the structure of the molecule (Woodman, 1921 , Jordan-Lloyd, 
1926) The method is particularly useful in studying the relationships of aberrant 
orgamsms and dissociants, as it yields data which cannot be olitained by the sero- 
logical reactions 

The pseudo- and euglobulins of Rangoon Smooth, Rangoon Rough (1) and 
Rangoon Rough (2) were prepared as described above and the polarimetric readings 
during racemization in dilutd alkali were obtained These data are given in 
Table II — 


Table II 

Specific relations of the globulin fractions of three Rangoon sliams 

in N/2 alkali 


Hours 

Rangoon Smooth 

Rangoon Roo&h (1) 

Rangoon Rough (2) 

Pseudo 

globulin, 

Euglobulin 

Pseudo 

globulin 

Euglobulin 

Pseudo 

globulin 

Euglobubn 

5 



-64° 

-64° 

-60° 

-60° 

24 1 

-42° 

-43° 

-43° 

-43° 

-39° 

-38° 

43 

-35° 

-3o° 

-36° 

-36° 

-31° 

-31° 

72 

^ -29° 

-30° 

-29° 

-30° 

-26° 

-26° 

98 

-26° 

-26° 

-26° 

-26° 

-22° 

-22° 






i 


120 

-25° 

-25° 

—25° 

-25° 

-20® i 

1 

-20° 

144 

—23° 

-23° 

-23° 

' -23° 

o 

CO 

! 

—38° 

172 

—21® 

-21° 

—21® 

— 21® 

-17° 

-17° 

196 

-20° 

-20° 

-20° 

-19° 

-16° 

-16° 

265 

-19° 

-19° 

-19° 

-19° 

-14° 

-14° 


After the period of 265 hours the readings were constant m each case 
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As the above table indicates, tbe racemuation data for tbe proteins of 
Rangoon Smooth and Rangoon Rough (1) are identical and accordingly it is 
probable that the two have the same molecular structure A comparison of 
these data with those obtained in our previous work will show that the proteins 
of the two are identical with that which we have designated as Protein I A 
single curve will satisfy the data given in the table for these two strains and 
for the Protein I-containmg vibiios studied previous!} (Lmton, Mitra and 
Shrivastava, 1934&) 

On the other hand, the readings given by the globulins of Rangoon Roiigli (2) 
yield a curve which liegiu's, proceeds and ends differently, and vhich accordinglv 
must be the result of a different molecular composition in the protein Furtlier- 
more, the cuive yielded by the Rangoon Rough (2) data is identical vith that which 
we have previously found to be given by organisms possessing Protein II This 
observation is of interest because tlie water- vibrios which we have so far studied 
contain this same protein We cannot yet know whetlier the Protein II of Rangoon 
Rough (2) has arisen as a mutation fi om the Protein I of the parent strain or whether 
the vibrios having this protein lie hidden because of their sloner growth in the 
cultures of the parent strain It is evident, how'ever, that one type of protein, 
characteristic of the cholera vibrios, can give rise, either through mutation or because 
of a differential late of growth, to a second type of protein, which is cliaracteiistic 
of the water-vibnos 

We have again found, as in our previous woik, that no differences occur iii the 
optical activity of the pseudo- and euglobulins of an}’’ gn en strain 

Specific carbohydrates — The specific carbohydrates of the four Rangoon strains 
were prepaied and purified according to the methods previously described (Linton 
and Shrivastava, 19336 and 1933c) The hydrolysis of the substances and the 
identification of their constituents were olso earned out in the usual Avay The 
results are given in Table III — 


Table III 


Results of the hydiolysis of the specific caihohydrates of the Rangoon 

shams 


Strains 

Weight of 
carbohydrate, 
g 

Period of 
hydrolysis 

Hydrolysis, 
per cent 

Melting point of 

phenylo^azone, 

Characteristic 

sugar 

Rangoon Smooth 

1 22 

10 mins 

G 2 

180 

Galactose 

Rangoon Rough (1) 

013 

10 

85 

186 

if 

Rangoon Rough (2) 

0 38 

2 hrs 

33 5 

20S» 

Glucose 

Rangoon Rough (2fj) 

1 29 

2 „ 

22 0 

208* 

If 

Rangoon Rough (2al) 

0 37 

2 „ 

15 3 

208* 

ff 


♦ No change m meltuig-pomt when raj\ed with known glucose osazoue. 
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Rangoon Smootli and Rangoon RougL (1) have the same specific carbohydrate, 
and this bears out our previous finding that the rough strains of the type usually 
found do not difiei qualitatively in this respect from their smooth homologues 
Where the difference appears to lie is m the amounts of specific substance present 
in the two In the case of the Rangoon strains, as Table IV shows, 25 g of Rangoon 
Smooth yielded 1 22 g of specific substance (4 8 per cent), while 39 g of Rangoon 
Rough (1) gave onh 0 33 g (0 8 per cent), about one-sixth as much m respect to 
the proportionate weights Since, as we have shown aliove, the proteins of the two 
organisms are the same and their polysaccharides are also qualitatively the same, it 
is probable that at least one factor in the non-agglutinability of Rangoon Rough (1) 
bv Rangoon Smooth anti-serum is the smaller amount of specific substance in the 
rougher strain It is possible that another factor which has to be considered is the 
difference in the distribution of the specific carbohydrate in the two orgamsms 
A beginning in the study of this factor has already been made (Linton and Mitra , 
1934 , Linton, Mitra and Seal, 1935) 

The finding in Rangoon Rough (2) and Rangoon Rough (2a) of a sugar, whose 
phenylosazone had the characteristic melting-point of glucose, w as of considerable 
interest, and a more detailed study was carried out Much time was consumed in 
obtaining suflS.cient carbohydiate because of the scantiness and slowness of the 
growth of Rangoon Rough (2), but eventually 8 0 g of purified polysaccharide weie 
collected and the analysis of this material was carried out in duplicate, about 4 0 sr 
being used each time These analyses gave concordant results 

4 222 g of the polysaccharide were taken up m 10 c c of 50 per cent H2SO4, 
and kept at 37°C for 18 hours At the end of this time the reducing power was 
10 9 per cent (460 mg ) calculated as glucose After dilution to bring the acid 
concentration to 3 per cent, the mixture was heated on the water-bath for two 
hours reducing power, 12 2 per cent (514 mg ) , after a further heating for two 
hours the reducing power was 9 4 per cent (415 mg ) and the hydrolysis was 
stopped 

The hydrolysate was neutrahzed with CaCOs, the calcium sulphate filtered off 
and washed free from reducing substances The filtrate after being decolorized with 
charcoal was evaporated to a small volume at low temperature under vacuum 
Four volumes of absolute alcohol were then added to it, but the expected precipitate 
of calcium aldobionate was not obtained The solution presumably containing the 
aldobionic acid had a reducing \alue equi\alent to 7 6 mg of glucose After two 
hours’ hydrolysis this increased to 9 Omg and then decreased to 6 0 mg after four 
hours, when the experiment was terminated Again in the second attempt to obtain 
the calcium aldobionate, in which 4 0 g of the specific carbohydrate was used, no 
precipitate of the salt could be obtained In this trial the solution of ‘ aldobionic 
acid ’ had no reducing power to begin with, the eqmvalent of 9 0 mg after two hours’ 
hydrolysis, and was again negative after five hours’ heating The results of these 
attempts to isolate and hydroh se the aldobionic acid constituent may be compared 
with the cases in which this component was obtained (Linton and Shrivastava 
1933a) In these cases the aldobionic acid was readily separated as the calcium 
salt, and after decomposition it hydrolysed slowl-^ over a period of 19 to 21 hours and 
increased between 100 per cent and 300 per cent in leducing power It is probable 
that the low reducing \alues obtained from the presumed aldobionic acid of the 
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Rangoon Rongli (2) carboliydratc represpnt only redncing substances wLicb bad 
been carried over from the hydrolysate 

The portion of the h 3 ^droIysate lemaining after the attempted separation of tie 
calcium alHobionate was then studied, and as it had a high content of reducing 
substance (415 mg ) it appeared that the most suitable way to identify its contents 
was to obtain them in crystalline form The solution itself yielded a phenylosazone 
melting sharply at 210°C The solution was concentrated in vacuo to a syrupy 
consistency, seeded with a few cijstals of glucose, a little absolute alcohol added, 
and the mixture placed in the refrigerator under vacuum After four days a solid 
white crystalline mass was pieseiit The crystals were washed witli a little ethyl 
alcohol, followed by methyl alcohol and finally with ethyl alcohol and dried vi vacuo 
Yield 0 3350 g (81 per cent) 

0 15 g made up to form a 1 per cent solution in distilled water gave 
a specific rotation of + 54 0°, using a 1 dm tube and sodium light Known 
glucose + 52 5° 

The crystals, like those of glucose, did not have a definite melting-pomt, 
but showed softemng and darkemng between 110°C and 126°C (ZempkO) 
1922) The phenylosazone of the crystals melted sharply at 214°C and 
the melting-point was unchanged when it was mixed with known glucose- 
phenylosazone The characteristic crystals of potassium acid saccharate were 
also readily obtained 

From the evidence of the direction and degree of specific rotation, the melting- 
points of the phenyl osazones, the behaviour of the crystals themselves w’hen heated 
and the formation of potassium acid saccharate, it is probable that the crystalline 
substance obtained from the specific carbohydrate of Rangoon Rough (2) is 
glucose, and further that there are no indications of other substances m this 
polysaccharide 

What appears to have been the same type of specific carbohydrate as is present 
m Rangoon Rough (2) and Rangoon Rough (2o) was reported by Jermoljewa an 
Bu]anowska]a (1930) From a laboratory strain of Vthno cholerw they isolate ^ 
carbohydrate substance which on hydrolysis yielded a sugar whose phenylosazon 
melted at 204°C and which itself bad a specific rotation of -f- 64 0° These au u> 
tentatively identified the sugar as glucose 

As we have shown in Table III, the Rangoon Rough (2o) strain also p^sessesa 
glucose-contaiumg polysaccharide The amount of polysaccharide ^ 

Smooth and Rangoon Rough (1 ) have been discussed above Also included m la 
IV are the same data on the other strains These show that Rangoon 
m spite of its roughness yields the same percentage of specific carbohydrate ns 
smooth homologue — 4 8 per cent In two other trials it yielded 4 6 per cent an 
4 8 per cent This finding demonstrates again that the transition from 
Rough (1) to Rangoon Rough (2) is of an entirely different type than that fro 
Rangoon Smooth to Rangoon Rough (1) The latter is accompanied bj 
oarbohydiate and the former by the appearance of a different type of carbohydra > 
but in the same quantity as in the smooth strain The basis for variation m tn 
vibrios IS thus not single, but has at least two factors and as we shall show lu 
considering the Basrah strains, probably three Strain Rangoon Rough (2o) e s 
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possesses an amount of carbohydrate (5 9 per cent) which is similar to that of the 
smooth strains, although as Table I shows it is not smooth in its characteiistics 
It IS possible that the significance of these amounts of carbohydiate is to be 
found in the u ork referred to above on the distribution of the carbohydrate in 
the vibrios 


Table IV 

Relationship between type of growth and yield of specific caihohydrale 
in the Rangoon strains 


Strains 

Type of growth 
on agar 

Dry weight of 

1 vibrios, g 

Weight of specific 
pnrhohvdrate, g 

Percentage of 
specific carbo 
hydrate 

Rangoon Smooth 

Smooth 

1 

1 

25 0 

1 22 

1 

48 

Rangoon Rough (1) 

1 

Rough 

S9 0 j 

0 33 

08 

Rangoon Rough (2) 

‘ Medusa head ’ 

62 

0 26 

48 

Rangoon Rough (2u) 

Bough 

1 

66 

0 40 

69 


The rough to smooth transition in the Rangoon strains — When first isolated as 
described above in June 1914 from the fringe of a ‘ medusa-head ’ colony of 
Rangoon Rough (2), Rangoon Rough (2a) agglutinated with Rangoon Smooth anti- 
serum at a dilution of 1 800, but the agglutination was indefinite and difficult to 

be sure of After two ueeks of repeated sub-cultures on agar it had become 
•definitely agglutinable at 1 6,400 with this anti-serum and was also highly 

agglutinable with the Rangoon Rough (2) anti-serum During the two succeeding 
months, however, the agglutination titre with the smooth anti-serum gradually 
declined until, in September 1934, it gave only an indefimte reaction at 1 100, 

although still highly agglutinable with the rough anti-semm 

As we wished to test this strain in cross-absorption experiments, it was essential 
to attempt a restoration of its agglutmability For this purpose we adopted the 
technique of 24-hour sub-cultures in 0 5 per cent glucose broth which had been used 
successfully in bringing about the rough to smooth transition by Koser and 
Styran (1930) At intervals of five days plates were streaked from the glucose 
broth cultures and the colonies tested tor agglutmability with the smooth 
anti-serum We began with three strains Rangoon Rough (1), Rangoon Rou^h 
(2a), which as we have just stated had been agglutinable but had become 
inagglutmable, and Rangoon Rough (2) From the latter, two types of colony 
were sub-cultured, the ‘ medusa-head ’, and the somewhat less rough tj-pe which, 
as already described, now makes up about 70 per cent of the colonies of this strain' 
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All four&tiaiiis were magglutinable with Rangoon Smooth anti-serum The results 
of the experiments are shown m Table V — 


Table V 


Changes inAueed in the agglutination reaction and in colony morphology 
of rough vibno strains by tepeated sub-cultures 
0 5 per cent glucose broth 


Time 

Rangoon Rough (2) 

Rangoon Rough 
(2a) 

Eangoon Eough 
0) 

1st day 

Non agglutinable, 30 
per cent ‘ medusa- 
head ’ 

Non agg’utrnable, 70 
per cent somewhat 
Jess rough 

Non agglutin able, 
100 per cent 
slightly rough 

Non - agglutinable , 
100 per cent 
slightly rough 

5th day 

Non agglutinable, 20 
per cent ' medusa- 
head’ , 80 per cent 
less rough 

Non agglutinn hie, 
100 per cent 
smooth-rough 

Slow, granular, 
agglutinatvon at 
1 800, 100 
per cent bluish 
opalescent colo 
Dies 

80 per cent smooth 
w ith a slight 
rough element , 
agglutinable a t 

1 100 , 20 per 

cent as before, 
non agglutinable 

10th day 

No ‘ medusa-head ’ 
type , 20 per cent 
rough , 80 per cent 
smooth , all non- 
agghitinable 

Agglutinable at 1 
100, smooth 
rough 

Agglutinable at 1 
2,000, 100 percent 
smooth-rough 

Agglutinable at I 

2 00, poor 

growth 

i 

15th day 

10 per cent rough 
opague colonies , 
non agglutinable , 
90 per cent smoo- 
ther than before , 
agglutinable at 1 
200 

96 per cent bluish 
colonies , agglu- 
tmablc at 1 500 , 

5 per cent 
‘ medusa -head’ 
colonies , n o n- 
agglutinahle 

j 

No change , agglu- 
tinable at 1 2,000 

Died out 

20th day 

100 per cent smooth 
colonies with a 
slight rough ele 
meat , agglutm- 
able at more than 

1 400 

90 per cent smooth 
colonies, agglutin 
able at 1 600 , 

and 10 per cent 
‘ medus a-h e a d ’ 
colonies , non ag- 
glutmable 

75 per cent smooth 
and agglutinable 
at more than 

1 2,000 , 25 per 
cent smooth rough 
and less agglutin 
able 1 



As Table V shows, it was possible by repeated sub-cultures during 20 
turn an magglutinable into an agglutinable strain in every case, and «lso to 
the colony morphology m the direction of greater smoothness Inc < 
attaining the highest titre with the smooth anti-serum--Rangoon ^ r 

was used in the serological experiments detailed below (Some other pom 
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interest in the table The strain derived from the smoother type of colony in 
Rangoon Rough (2) gave after 15 days a number of ‘ medusa-head ’ colomes again, 
and at 20 days their number was doubled It appeared that the equilibrium 
between the kind of organism yielding this type of colony and that giving the 
smoother type was beginning to shift again toward the rough side In the 
‘ Discussion ’ in this paper we have included this shift in type of growth within a 
strain as one of the means of variation in the vibrios The poorest response to the 
sub-culturiug was given by the Rangoon Rough (1) strain, which attained an 
agglutination titre of only 1 200, although its colonies became smoother in 

appearance It grew very scantily in these sub-cultirres and died out completely 
between the lOth and 15th days It is possible that this susceptibihty to the 
environment is the result of its low content of specific substance 

Work along the lines of these experiments is being continued 

Serological reactions in the Rangoon group 

Anti-sera were obtained in rabbits against Rangoon Smooth, Rangoon Rough 
(1) and Rangoon Rough (2), and these were used in direct agglutinations and in 
cross-absorption experiments as shown in Table VI — 

Table VI 

Direct agglutinations and cross-absorptions in the Rangoon group 


A Direct agglutinations 



Strains 


Rangoon 

Smooth 

Rangoon 
Rough (1) 

Rangoon 
Rough (2) 

Rangoon 
Rough (2(7) 

Anti sera to 





Rangoon Smooth 

0,400 

0 

0 

3,200 

Rangoon Rough (1) 

200 

3,200 

0 

0 

Rangoon Rongh (2) 

0 

0 

1,600 

1,600 


Rangoon Smooth anti-serum agglutinates its own vibrio and Eanwoon 
Rough (2a) 

Rangoon Rough (1) anri-serum agglutinates its own vibrio, and shows a low 
titre reaction of the granular type with Rangoon Smooth This cross-reaction is a 
development during the months from June to October 1934 

Rangoon Rough (2) anti-serum agglutinates its own orgamsm and Rangoon 
Rough (2al It IS thus evident that Rangoon Rough (2a) reacts with anti-sera 
against two strains which will not themselves cross-react 

J, MR . 



644 Sti^dies on the Aniigemc Structide of Vibrio cbolerse. 


B Absorption of Rangoon Smooth anti-serum 


j 

ST^A/^'3 

[ 

Rangoon 

Smooth 

Rangoon 
Rough (1) 

Rangoon 
Rough (2) 

Rangoon 
Rough {2a) 

Rangoon Smooth ant; 





scrum absorbed with 



i 


Rangoon Smooth 

0 

0 

0 

0 

1 

Rangoon Rough (1) 

1,600 

0 

0 

0 

Rangoon Rough (2) 

6,400 

0 

1 0 

0 

Rangoon Rough (2a) 

1,200 

0 

1 ^ 

1 0 


Rangoon Smooth anti-serum absorbed by its liomologous organism completed 
loses the agglutinms for itself and for Rangoon Rough (2a), and its titre for itse 
IS reduced by absorption with Rangoon Rough (1) 

Rangoon Smooth anti-serum absorbed by Rangoon Rough (2) shows no reduc- 
tion in its titre for itself, but its agglutinins for Rangoon Rough (2a) have been 
removed 

Rangoon Smooth anti-serum absorbed by Rangoon Rough (2a) has a lowered 
titre for Rangoon Smooth itself and no agglutinins for Rangoon Rough (2a) 

In short, Rangoon Smooth appears to be connected serologically with 
Rough (1) and with Rangoon Rough (2a) but with Rangoon Rough (2) the conn 
tion IS not direct but through Rangoon Rough (2a) 

C Absorption of Rangoon Rough (1) anti-serum 




Strains 



Rangoon 

Smooth 

1 

Rangoon 
Rough (1) 

Rangoon 
Rough (2) 

Rangoon 
Rough (2a) 

Rangoon Rough (1) 
anti scrum absorhed 
with 

Rangoon Smooth 

0 

! 

3,200 

1 

0 

0 

Rangoon Rough (1) 

0 

0 

0 

0 

Rangoon Rough (2) 

200 

3,200 

0 

0 

Rangoon Rough (2o) 

200 

3,200 

0 

0 
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Rangoon Rough (1) absorbed by Rangoon Smooth loses its low content of 
agglutinins for the latter, but is unchanged toward itself , absorbed bj itself it 
loses Its titre against both itself and Rangoon Smooth 

Rangoon Rough (1) absorbed by Rangoon Rough (2) does not have its low 
titre against Rangoon Smooth lessened, nor are its agglutinins for itself reduced at 
all Rangoon Rough (1) absorbed with Rangoon Rough (2a) does not lose its 
agglutimns against Rangoon Smooth or itself 

These findings appear to show that Rangoon Roiign (1) is connected sexologically 
with Rangoon Smooth, but is not connected with Rangoon Rough (2) or Rangoon 
Rough (2a) 


D Absorption of Rangoon Rough (2) anti-serum 


SiKAlKS 



Rangoon 

Smooth 

Rangoon 
Rough (1) 

Rangoon 
Rough (2) 

Rangoon 
Rough (2o) 

Rangoon Rough (2) 
aTili sprnm absorbed 
with 



i 


Rangoon Smooth 

0 

0 

1,600 

800 

Rangoon Rough (1) 

0 

0 ! 

1,600 

1,600 

Rangoon Rough (2) 

0 

0 

0 

0 

Rangoon Rough (2o) 

0 

0 

0 

0 


Rangoon Rough (2) absorbed by Rangoon Smooth shows no reduction 
in the titre for itself but its titre for Rangoon Rough (2o) is reduced When 
Rangoon Rough (2) anti-serum is absorbed by Rangoon Rough (1) the titre is 
unchanged 

Rangoon Rough (2) absorbed by itself completely loses its agglutinins for itself 
and for Rangoon Rough (2a) The same complete loss occurs when the absorption 
IS carried out with Rangoon Rough (2a) 

It IS interesting to compare these serological relationships with the chemical 
relationships, in so fax as the latter are known It should he stated that the varia- 
bility of Rangoon Rough (2a) is such that we have been unable to attempt the 
collection of the large amounts necessary for its protein analysis It is probable 
that in time the strain will reach stability, but until it does it is not possible 
to go further in the attempted correlations than we have in the succeedine 
Table VII, which also serves to summarize the information on the serology of 
the Rangoon strains given m Table VI 
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Table VII 


Con elation between the seiological and chemical relationships of the 

Rangoon strains 



Serological 

relationship 

Chemical 

relationship 

( Rangoon R (1) 

-h 

+ 

Rangoon Smootli and -! Rangoon R (2) 

0 

0 

( Rangoon R (2a) 

+ 

Unknov n 

( Rangoon S 

+ 

+ 

Rangoon Rough (1) and -! Rangoon R (2) 

0 

0 

( Rangoon R {2o) 

p 

Unknown 

f Rangoon S 

0 

0 

Rangoon Rough (2) aud •! Rangoon R (1) 

0 

0 

(_ Rangoon R (2o) 

+ 

-r 

( Rangoon S 

+ 

Unknown 

Rangoon R (2a) and -1 Rangoon R (1) 

0 

u 

[ Rangoon R (2) 

-b 

+ 


With the above-noted exception of the chemical relationship I 

Rough (2a) to the others, the correlation between serological reactions and cliem 
structure in the Rangoon strains is complete It also appears that as in the 
the biochemical and morphological characteristics, so mthe serological j 

Rangoon Rough (2a) has reverted in part from its very rough parent strain o 
the smooth, agglutinable Rangoon Smooth 


The Basbah strains 

When these four strains, which we received from the Central Research 
Kasauli, were isolated from cholera cases at Basrah in 1931, they were a agg 
tinable at a 1 4,000 dilution Two months later they had become gjjljos 

with any of the cholera anti-sera used, and this change was attributed by 
to the presence of cholera bacteriophage in the cultures , details of the 
reactions and bacteriophage contaminations are given by Panayotatou { 
Doorenbos (1932) Since their isolation the strains have been studied in a ij 
of laboratories and have proved variable both morphologically and sero 
In our own work we have not found them to vary in their biochemica pr 
but we have at times been unable to obtain agglutination with anti-sera gjjods 
cholera vibrios, a smooth water-vibno, and an El Tor strain At o 
agglutination at a low dilution (1 200) would occur with all these sera ® 

against the El Tor vibrio We were unable to find anything in the con i 
which the strains were growmg that would account for this variation ^ 

The characteristics of the strains are outlined in Table VIII It s 
stated that such lists for strains like these can only give an example) 

of their characteristics, especially those relating to type of growtn 
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tlie colony form of Basrah I is given as smooth, as it usually is In an occasional 
sub-culture, however, 75 per cent of the colonics may take the dry, rugose form 
found in Rangoon Rough (2), and these on a second sub-culture may revert to tk 
smooth t)'pe again All the stiains exhibit considerable morphological variation 
when examined in stained slides at weekly intervals All aie heavily contaminated 
with bacteriophage (the Shillong nomenclature is followed m the table) and tie 
number and type of bacteriophages to ivhich they aic resistant varies from tune to 
time For example, when Basrah I ivas tested in February 1934, it was resistant 
to types A, E, F, G and J Tested again in August 1934, the strain was found to 
have become in addition resistant to t3p)es G and D The lack of correlation 
between proteolytic and luemoly tic power which was noted in the vibrios by Baujean 
(1913) IS also exhibited b}^ the Basrah strains Grouth m peptone water, mdol 
producuon and sugar fermcutations are slow, aud lu Basrah IV the power of mdol 
production is very poorly developed 

The proteins aud carbohydrates of these strains were studied by the method'^ 
nsed in our previous work 

Proteins — The racemizatiou data are given in Table IX For the sake of 
brevity the table includes only the data given by the euglobulin fractions m N/j 
N aOH Exactly similai data weie given, by the pseudoglohiilni fractions 
same concentration of alkali, aud when the proteins weie taken up in N/4 
all the caives were again similar to each other aud difierent from those in theh/j 
alkali As in the case of the other vibrios, the Basiah proteins were found to coiisis 
of globulin, and albumin was usually absent or present only as a faint trace 


Table IX 

Specific rotations of the euglobiihns of the Basiah strains in N/2NaOS 


Honrs 

Basrah I 

j Basrah II 

Basrah III 

Basrah IV 

5 

-59°* 

-60° 

-60° 

-60° 

24 ' 

1 

-39° 

-38° 

-39° 

-39° 

48 

-30° 1 

' -30° ! 

1 

1 

O 

-31° 

96 

—21® 

0 

1 

-23° 

-22° 

120 

-20° 

-20° 

j —20° 

-20° 

196 

-16° 

-16° 

! -16° 

1 -15° 

216 

-U° 

-14° 

; -14° 

-14° 

265 

-14° 

1 -14° 

-14° 

-14° 


* Sphour readiug 


It IS evident from the Table that all the euglohulms from these 
exhibit the same rate of decline in optical activity, and a comparison o 
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witli those previously obtained shows that all of them have the protein which we 
have designated Protein II 

Specific carbohydrates — Basrah I proved to possess the galactose-containing 
carbohydrate In Basrah II we again found evidence of glucose, the preliminary 
hydrolysis having yielded a phenvlosazone whose melting-point of 208°0 was not 
changed when it was mixed with known glueose-phenylosazone On account of 
this finding we have studied this polysaccharide in more detail 

4 295 g of the gum from Basrah II were taken up in 6 0 c c of 60 per cent 
H2SO4 and placed at 37°C for 24 hours At the end of this time the solution vas 
diluted to 100 c c and titrated reducing substances, 8 6 per cent (368 mg ) The 
attempted preparation of the calcium aldobionate, carried out exactly as in the case 
of Rangoon Rough (2) and othei strains, gave a final solution which had no reducing 
power After four hours’ hydrolysis the reducing pouer ivas still negative and the 
experiment was not earned fui-ther It was evident throughout this experiment, 
as m the similar ones carried out with Rangoon Rough (2), that we were dealing 
with a polysaccharide of a different constitution to that which we had previously 
met with 

The remaining hydrolysate had the same characteristics as that of the 
corresponding portion of the Rangoon Rough (2) hydrolysate, and gave evidence 
of the presence of glucose as the sole constituent meltiug-point of phenylosazone, 
215°0 It is evident that 111 this specific substance we were unable to 
demonstrate any aldobiomc acid complex 

Basrah III and Basrah IV have proved different from any of the 40 vibrio 
strains previously studied in that considerable difficulty has been experienced in 
obtaimng any clear and consistent results in identifying the sugars present 

When the first planting of Basrah III was treated by the usual methods for 
separation and hydrolysis, it yielded a small amount of a carbohydrate whose purified 
phenylosazone had a melting-point of 195°C , a temperature which does not 
correspond with the melting-point either of glucose- or galactose-phenylosazone, 
but is approximately what may be obtained from a mixture of these two osazones 
Mixed with the known osazones of glucose and of galactose, the melting-point was 
reduced in each case Two weeks later a second planting of this organism was 
made The growth on this occasion was rough and scanty and the yield of 
carbohydrate correspondingly small As the strain appeared to have shifted to the 
rough condition of growth, and to be remaining there, its carbohydrate was collected 
from further plantings, until 1 49 g of dried specific substance had been obtained 
This on hydrolysis yielded a sugar whose osazone melted sharply at 208'’C , and 
this melting-point was not changed when the crystals were mixed with known 
glucose osazone The further identification of glucose by the formation of potassium 
acid saccharate was not attempted, since glycuionic acid also yields this compound 
and it was thought at that time that glycuronic acid might be a constituent 
of this glucose-containing polysaccharide, as it is of the arabinose- and galactose- 
contaimng polysaccharides 

A smooth-rough colony was then picked from a plating of Basrah III which 
when sub-cultured and grown en masse yielded a small amount of a carbohydrate 
On hydrolysis this gave a sugar whose phenylosazone melted sharply at 182‘’C and 
had the physical appearance and solubilities of galactose osazone From a second 
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colony, winch resembled the original Basrah III in morphology, the phenylosazone 
finally obtained had a melting-point of 195°C , which was that found in the original 
cultuie 


In view of these findings we are led to suggest that Basrah III is not a chemically 
pure strain but is composed of two strains which differ in their specific carbohydrates, 
although their proteins are the same In this view, the period of rough grovtli 
corresponds to the almost complete suppression of the golactose-contammg by the 
glucose-contaimng type of vibrio Both this strain in the rough state and Eangoon 
Rough (2) are vibrios with slow and scanty growth, with very rough colonies, andm 
both a polysaccharide whose units are glucose has been found By picking a colony 
we were able to obtain a culture from Basrah III of the galactose-contaimng 
organism It further appears that a mixed strain like this may change its 
‘ composition ’ through the overgrowing of one component by the other, and this 
change would of course have a marked effect on its agglutination reaction vita 
various sera Since these experiments were carried out, Basrah III has again 
reverted from the rough to the original smooth-rough type of growth 

It IS possible that Basrah IV may also contain two types of organism, with tk 
same protein but v ith different specific carbohydrates In our first work witii 
this strain (December 1933) we found what appeared to be arabinose, althougli the 
evidence was not entirely satisfactory In June 1934-, the strain was xe-studied and 
the presence of glucose was demonstrated The strain at this time was rough, 
whereas in the previous December it had been smooth-rough At the same tune 
it had become resistant to all the types of cholera bacteriophage except H aiif 
possibly B, and had accordingly shown a tendency like that of the Eangoon strains 
to increase its bacteriophage resistances as it became rougher 

We should emphasize that the changes which we have found in Basrah IH an 
Basrah IV, and the chemical basis for which we may have uncovered, have no 
occurred in strains of Indian origin so far studied A number of these latter strains 
have been repeatedly analysed over a period of two and one-half years, and nc 
have not found any irregularities in the constitution of their specific carbohydrates , 
nor have we found any ‘ mixed ’ strains except these two from Basrah 


The El Tob vibbios 

We have already reported on the constituents of an El Tor strain 
Mitra and Shrivastava, 19346), and have shown that it fell into a fourth 
group, distinct chemically from the two groups of vibrios found in cholera, a 
from the group constituted by the water-vibnos, but related to both It , 
interest to continue the study of the El Tor strains, and we have accordingly ^ 

the following vibrios from the National Type Collection, London, which we rcc 
from Captain C L Pasricha, i M s Nos 3657, 3658 and 3669, 
to the Doorenbos strains 49, 67 and 20 respectively An account of these s * ’ 

which were isolated in 1930, has been given by Doorenbos (1931) 

Tlie purified globulins of these three strains showed in alkali the curve ^ 
teristic of Protein II, in original reading, rate of decline, and final leve r 
In this respect they were the same as the El Tor strain already stu le 
carbohs'-drates of all of them showed the presence of galactose ^ 

fall into the same group (Group IV) as the other El Tor strain, and 
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cltaractenzed by tlie possession of tbe galactose-containing carbohydrate of the 
cholera vibrios of Group I and by the protein which we have found in the water- 
vibrios It IS possible that the anomalous position occupied by the El Tor strains 
(agglutinability accompanied by non-pathogenicitv) may be referable to this hybrid 
chemical constitution It is tempting to attribute their agglutinability to their 
cholera carbohydrate receptors, and their non-pathogemcity to their water-vibrJO 
protein, but as yet this differentiation cannot be made 

One further point regarding the first El Tor strain may be briefly mentioned 
This organism gives a pronounced rough reaction with MiUon’s reagent but at the 
same time has the same amount of specific carbohydrate as is generally found in 
smooth vibrio strains, that is, about 6 per cent On agar its colonies are smooth- 
rough and in broth the growth is of the diffuse type, without pellicle or deposit, which 
IS associated with smoothness There is thus a marked discrepancy between its 
content of specific carbohydrate and type of growth on tbe one hand, and its MiUon- 
reaction on the other This discrepancy is not infrequent among the vibrios, 
although it IS generally less marked, and the case of this El Tor strain shows that 
whatever the meaning of Millon’s reaction may be it does not alwajs indicate 
roughness, if by roughness is meant inagglutmability and low content of specific 
carbohydrate In the previous paper of this series (Linton, Mitra and Seal, 1936) 
we have shown that the type of reaction to Millon’s reagent may vary with the 
distribution of the carbohydrate within the organism The discrepancy pointed 
out here may be explicable on that basis 

Other strains 

In addition to the findings reported above we have studied four other vibrios 
and the results may be briefly desciibed 

79 A This strain, when isolated from a human source in 1931, was remarkably 
rough and completely inagglutinable During the two and one-half years between 
the isolation and our analysis it had tended to become more and more smooth, and 
was found to be agglutinable at 1 2,000 with anti-cholera serum, and to have 

only a slightly rough element in its growth on agar , in broth it had a slight pellicle, 
a deposit after 24 hours’ incubation, and was still rough to Millon’s reagent It has 
been under constant observation since its isolation, and the occurrence of the gradual 
shift from the rough to the smooth type of growth has been carefully observed 
(Vardon, 1934) 

In its present state it is a Group I vibrio, having Protein I and Polysaccharide 
I (galactose-containmg) 

Strain E This rough stram, upon which much of our preliminary work on 
vibrio carbohydrates was done (Linton and Shnvastava, 1933a), is rough to 
Millon’s non-motilc, and gives the granular t^^ie of agglutination at 1 500 dilution 
Its polysaccharide, as we have already reported, contains arabinose (Type II), while 
it has Protein I, thus placing it among the Group II vibrios 

79B This IS a strain of some interest It was isolated in India from a case of 
cholera, and like the Basrah strains is variable in its agglutination reaction It is 
strongly haemolytic on sheep’s blood agar, and in chemical composition is the same 
as the El Tor strains Protein II and Polysaccharide I Eromthis finding it annears 
that strains having the same structure as the El Tor group occur in India 
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Strain 505 + V type bacteriophage Strain 505, the protein and carte 
hydrate content of which have already been reported upon (Linton and Slirivastava, 
19336 , Linton, Mitra and Slirivastava, 19346), was treated with F t)^e bacteiio 
phage, and the previously smooth agglutinable strain rendered rough in groivtliand 
to Millon’s reagent and also inagglutinable It was then grown en masse on agar 
in the hope that any chemical changes which had taken place could be analysed 
Under these conditions of grov/th, however, the characteristics of roughness and 
non-agglutinability were lost at once and the strain reverted to its original smootli 
state, and the chemical analysis shov/ed that the components were also the same 
as they had originally been In this instance the effect of bacteriophage was trans 
itory, and did not survive the mass growth A similar finding was also madenitli 
another smooth agglutinating strain (1676) which became rough and inagglutniaDie 
under the influence of combined A and F bacteriophages, and winch reverted at once 
to the smooth type when mass growth was attempted A possible explanation 
may be found in the assumption that in the rough cultures there were still preset 
considerable numbers of smooth organisms (i e , organisms containing tlieir nul 
complement of specific carbohydrate), and that wlien unrestricted groutb ivas 
permitted these smooth organisms rapidly and completely outgrew their rougn 
homologucs The greater rapidity of growth of smooth forms than of rough forKS 
has been repeatedly observed, and is widespread among bacteria in general 

We may mention at this point our further experiences with the bactenopbage 
treatment of strains upon whose characteristics in the smooth state w^e have pic 
viously reported Strains 1617 and 2027 have been treated with eight types 
bacteriophage added one by one, and with bacteriophage brews that were being 
prepared for therapeutic purposes , and they have been left in contact with oflc- 
teriophage for months The changes observed have included the formation o 
bizarre types of colonies, the appearance on the surfaces of these colonies of opaque 
daughter colonies, and changes in fermentation reactions and in morphology, 
at the same time the agglutination titre has been veiy little reduced Inese 
two strains appear highly resistant to bacteriophage Both were isolated nO 
cases of cholera We ha've not used other methods, such as growth on 
agar, to enforce dissociation, as we were studying the effect of bacteriopuao 
alone 

On the other hand, Vibrio 454 was given a single treatment woth A ty^ie bacterio^ 
phage in 1932 and the daughter strain has remained constantly rough and magg 
finable since then, even when grown in mass cultures Clearly there exist 
the vibrio strains those which in relation to bacteriophage are rcsistan 
balanced (2027 and 1617), those which are non-resistant but which oec 
balanced after being treated with bacteriophage (454), and finally those 
are infected with bacteriophage and remain in an unbalanced state Of tlie a > 
the Basrah strains appear to be examples 


Discussion 

The work reported in this paper has indicated that variation and 
m the vibrios does not have a single unitary chemical basis There appear 
least three factors at work 
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1 Loss of carbohydrate —This -was the first type of variation found and is 
probably the chief basis for the usual smooth-rough transitions We hai e previously 
given examples of this change and have found that in the usual rough forms en- 
countered there is still a certain amount of carbohydrate , the disappearance is 
not complete In thiaivay the vibrio differs from a form like the pneumococcus in 
■which the disappearance of the capsule robs the organisms completely of its specific 
substance, although it leaves behmd the non-specific carbohydrate common to the 
three types The smooth forms of vibrio have about 6 per cent to 8 per cent (div 
weight) of specific carbohydrate, -while the usual rough forms have less than 2 per 
cent, and sometimes less than 1 per cent However, the difference in a homologous 
smooth and rough pair may be less than this unless precautions are taken to keep 
them markedly rough or smooth, because they apparently tend to fall back from 
the extreme conditions toward a common centre, where they may show a chemically 
hardly appreciable difierence m their carbohydrate content, although still distinct 
in the agglutination reaction 

Loss of carbohydrate is, however, not the whole story in the vibrios, for as we 
have shown, the extremely rough Rangoon Rough (2) has about as much of this 
constituent as its smooth homologue, and the same relatively high percentages 
were also found m Basrah II which possesses the glucose-contaimng carbohydrate 
The significance of this finding cannot be assessed until further study has been 
made, but it demonstrates that loss of carbohydrate may be followed by a second 
stage characterized by extremely rough growth and the gaming of a carbohydrate 
of a difierent structure 

2 Change in constituents — It is clear from the work on the Rangoon strains 
that a Vibrio may give rise to a daughter strain in which the protein and carbohydrate 
constituents are both diSerent from those of the parent Whether this change 
was due to a mutation in the geneticist’s sense or whether it was by the chance of 
streaking that a colony of this ‘ medusa-head ’ type was revealed, is of course 
impossible to decide In either event it is clear that from a cholera strain there 
has been derived a tough strain differing from the parent in having the protein 
constituent found m the water-vibrios and an entirely distinct type of specific 
carbohydrate, the units of which appear to he glucose alone Here again we are 
as yet unable to suggest tbe meaning of this observation m terms of the secology 
of the vibrio, as we are still at tbe begiiming of observations of this sort 

3 The displacement of one chemical type by another — In the case considered 
under ‘ 2 ’ above, the two constituents of the cultures, Rangoon Rough (1) and 
Rangoon Rough (2), had very unequal rates of growth and the slower would not 
appreciably interfere with the biochemical or serological reactions of the faster 
In the present case, which is illustrated by Basrah III, the two kinds of vibrios in 
the culture have a more nearly equal rate of reproduction The composition of the 
strain is not in equilibrium, hut swings sometimes rapidly and sometimes slowly 
from one type to tlie other Specifically, the glucose-contaimng type of orgamsm in 
Basrah III during our experiments largely replaced the galactose-contaimng type 
but after a period of six or eight weeks the equilibrium was regained, and both t-ms 
were again present in about equal numbers During the period of rough growth 
It was possible to pick a smoother colony which contained orgamsms of the galactose 
type, showing that these were still present, although m much reduced numbers m 
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the culture It is needless to point out the marked variation in serological reactions 
which must accompany such changes m equilibrium An anti-serum prepared 
against the strain when one member was in the ascendancy might not agglutinate 
the strain at all when after a few weeks or months the other member bad gamed 
the upper hand In our opinion it is possible that the aberrant strains of vibrio 
which vary in the agglutination reaction from time to time are of this mixed 
composition As we have shown in the case of the Eangoon strains the serological 
reactions appear to be an expression of the underlying chemical composition 
What appears to be the same process of displacement is evident in the experiments 
in the rapid sub-culturmg of the rough Eangoon strains, and is marked by the 
gradual disappearance and reappearance of the ‘ medusa-head ’ colonies 

As the result of the work reported here and elsewhere, we have been able to 
isolate and analyse three tjqies of specific carbohydrate substances among the 
vibrios These types are as follows — 


Type 

Constituents 

1 

Source 

Type 

I 

Galactose an aldobionc acid 

consisting of galactose and gly- 
ouromo acid 

In many yibnos from cholera cases 

Type 

n 

Arabinose -4- an aldobionic acid 
consisting of galactose and gly- 
curonic acid 

In a few vibrios from cholera cases, and m *>11 
the non agglutinating watcr-vibnos stuQie 

Type 

in 

1 

Glucose only , no aldobionic acid 

In a dissociant [Eangoon Eough (2)], anti m <''o 
aberrant vibrios, Basrah II and Basran U 


Two types of pioteins have also been distinguished on the basis of their optica 
activity in dilute alkali There are accordingly at least six combinations of car o 
hydrate and protein possible in the vibrios, and all of these have been found -t c 
vibrio groups are as follows ■ — 

Group I (Protein I and Specific Carbohydrate I) contains most of the vibrios 
isolated from clinical cholera 

Group II (Protein I and Specific Carbohydrate II) contains -some of the 
found 111 clinical cholera These are, however, of somewhat less frequent ^ 

than those of Group I In its composition Group II is intermediate between 
cholera vibrios of Group I and the water-vibrios of Group III . 

Group III (Protein II and Specific Carbohydrate II) contains the non-ago 
tinatiug water-vibrios 

Group IV (Protein II and Specific Carbohydrate I) contains the El Tor strain 
and at least two othei aberrant vibrios » 

Group V (Protein II and Specific Carbohydrate III) contains at present on^^^ 
two vibrios, the dissociant Eangoon Eough (2) and Basrah II Cnc o 
components of the mixed strain Basrah III also belongs in this group 

Group VI (Protein I and Specific Carbohydrate III) Eangoon 
{mde Addendum) and the two Japanese strains of the ‘ middle type v 
have analysed belong in this group 
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In regard to this classification, we may point out that its special interest lies 
in the intCT-relatiGnships it reveals Thus the Group II vibrios appear intermediate 
between the cholera vibrios and the water-vibrios, and the El Tor vibrios are also 
intermediate, but related to the water-vibnos through the protein instead of through 
the carbohydrate constituent It shows that strains of the characteristic 
composition of the El Tor vibrios are present m India, and also that the vibrios of 
cholera, and of water, the El Tor strains, and the dissociants form a single 
interlocking group 

The more modern developments in immunological theory have only recentlv 
been applied to the vibrios Since it is omf hope that the chemical work reported 
here will eventually be correlated with and serve as the basis for the serology of 
these organisms, it is interesting to consider the serological study made by Yang 
and White (1934) These authors conclude that roughening in the vibrios involves 
loss of specific carbohydrate, as we have also reported They further state ‘ it 
seems certain that a second sultstance, present but masked m the smooth organism, 
replaces in the rough vibrio the lost smooth factor and becomes the characteristic 
rough receptor ’ They do not, however, maintain that their analysis of the agglu- 
tination reaction of the rough vibrio is complete Our own analysis from the 
chemical point of view leads us to believe that the process of roughening may be 
somewhat more complex than Yang and White (loc cit ) suppose, in that, as we 
have shown above, more than one factor may be at work first, loss of carbohydrate, 
and, second, the appearance of a new type of orgamsm with a new type of carbo- 
hydrate As already stated the loss of carbohydrate is in our experience the 
commonest accompamment of the smooth-rough transition, and does not involve the 
uncovering of a second carbohydrate, nor have we ever been able (save in the appa- 
rently rare case of the ‘ mixed ’ strains) to isolate more than one carbohydrate 
from a given strain If a second type of carbohydrate of distinctive composition 
were present after toughening we should be unable to obtain clear-cut results in the 
chemical analysis, but we have on the contrary never experienced any difficulty 
in this respect To us it appears probable that the ‘ new ’ carbohydrate in the 
rough strain is simply the appearance brought about serologically by the incomplete 
disappearance of the original polysaccharide, a change which would bring about a 
marked variation in the serological reactions 

When, as does occur, a new type of carbohydrate appears, it is accompanied 
by a profound change in the orgamsm itself It is of course possible that in the case 
studied by Yang and White [loc cit ) both changes did occur simultaneouslv and 
that the variation was of the type shown by the change from Kangoon Eough (1) 
to Rangoon Rough (2), but the two types of change do not necessarily accompanv 
each other, and may operate separately The third factor in vibrio variation, that 
of replacement of one type by another by overgrowth, also involves the appearance 
or rather the predominance of a new type of carbohydrate, but it is unlikely that the 
change studied by Yang and White was of this kind, since from the description 
their strain was a stable one 


Yang and White have also likened the phenomenon of roughening in the vibrios 
with that m the Salmonella group and are of the opinion that the two are the same 
berologicaUy, this may be correct, but a final decision as to the actual similaritv or 
dissimilarity must await a chemical analysis of the Salmonella group alone the same 
lines as we have applied to the vibrio group. & f e ue same 
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SumrAEY 

We have studied the chemical cli.inges which underlie dissociation in thevibrio'! 
and have found that at least three factors are at work The first is loss and gam of 
specific carbohydrate, the second the appearance m a dissociant of an entirely 
distinct type of protein and carboliydrate, and the third is the situation in 'wliicli 
two typos of specific carbohydrate are present in a strain, and the equilibrium 
between the vibrios bearing the two types is unstable It has proved possible to 
correlate these changes to some extent with the serological changes which accompany 
dissociation, by using the method of cross-absorption of agglutinins with strains of 
known chemical composition ' 

A third type of specific polysaccliande in the vibrios has been isolated and 
analysed It appears to be built up of units of glucose alone and does not contain 
an aldobionic acid This carbohydrate was first found in a dissociant having tbe 
‘ medusa-head ’ tj'pe of colony and although this strain was considered to be rougb 
it still contained as much of the polysaccharide constituent as the smooth homologue 
did It appears that dissociation to this stage is accompanied not by further loss oi 
carbohydrate but by the increased production of a different type of carbohydrate 
This kind of dissociation is accordingly quite distinct from that found in the usual 
smooth-rough transition 

Daily sub-cultures of four rough inagglutinable strains in 0 5 per cent glucose 
broth^brought about in each case a reversion to a smoother type of growth and 
agglutinability 

Further study has been made of the El Toi vibrios and they have been found 
to form ,1 chemically distinct group, although one that is closely related to both 
the choleia vibrios (through the specific carbohydrate), and to the water-vihno? 
(through the proteiu) Strains of the same chemical type as the El Tor strains 
have also been found in India 

Certain vibrios isolated from cholera have proved almost refractory to the 
influence of bacteriophage in that they have not dissociated to any extent eitiier 
serologically or chemically after bacteriophages both singly and m various com- 
bmations had been applied to them for months 

The ‘ Discussion ’ includes a consideration of the groupings which have emerge 
from our studies on the antigenic structure of the vibrios 
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Addendum — Rmce this paper was sent to the press Dr S C Seal and the senior 
author have on two occasions isolated from Eangoon Eough (2a) a smooth and 
apparently stable strain, which is agglutinable with Eangoon Smooth anti-serum 
at 1 6,400, and, unlike its immediate parent, inagglutinable with Eangoon Eough 

(2) anti-serum This strain, which we have designated Eangoon Eecovered, was 
resistant to types A, K and L bacteriophage, and was lysed by the other types 
(Vardon, 1934) Its parent strain was, as we have shown, resistant to all ten types 
of cholera bactenophage 

Eangoon Eecovered was obtamed by the method of repeated sub-cultures 
in 0 5 per cent glucose broth which has been described in the body of the paper 
Three courses of 5-day sub-cultunng were used, and between each course the culture 
was plated and a smooth colony picked as the source of the culture for the next 
course 

Structurallv, this strain was found to contain the Type III (glucose) poly- 
saccharide and Protein I It thus falls into Group VI, and is the first strain of this 
group which we have found in India It has the same composition as the Japanese 
strains of the ‘ imddle ’ type, which are stated by Japanese workers to be weakly 
virulent 
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The work reported here began as a study of Shwartzman’s phenomenon in 
the vibrios Jt has been extended as further experiments suggested themselves to 
neutralization of vibrio filtrates with specific anti-sera in vitro and in mvo, to the 
concentration of the reactive substance m the filtrates and its reactions in animals, 
and to some precipitin tests 

The haemorrhagic reaction which Shwartzman discovered was described by 
him in a series of papers begmnmg m 1928 He showed that the intracutaneous 
injection into a rabbit of 0 25 c c of a filtrate of a young culture gave in 24 hours 
practically no reaction If, however, this was followed by the intravenous injection 
after the 24-hour interval of 1 0 c c to 1 5 c c of the same filtrate, there appeared at 
the site of the skin injection a severe haemorrhagic reaction which reached its 
maximum within a few hours and often went on to necrosis In the extended study 
which followed the announcement of the phenomenon, a large body of facts were 
brought out, and the bibliography of the Shwartzman reaction now extends to over 
fifty papers These cannot be adequately summarized here The actual natuie of 
the phenomenon, and its possible relationship to Arthus’ phenomenon and to 
anaphylaxis have been considered by Shwartzman (1930, who gives a summary of 
the work up to that time and a bibliography) and by Gratia and Lmz (1932 , 1933) 

’ The latter workers have made the interesting suggestion that the phenomena of 
Shwartzman and of Sanarelli in experimental cholera in rabbits are the same 

Our interest in Shw artzman’s phenomenon lay in seeing how specific the reaction 
might be between filtrates from the various chemical groups of vibrios which we 
have outlined elsewhere (Linton, Shrivastava and Mitra, 1935), and in determimne 
J, MR ( 659 ) 5 
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wlietTier we miglit gam any insiglit into tlic structure of these organisms througli tte 
study of tlieir filtrates 

The fdtrates were prepared as follows Ten to twelve c c of a 24-houi broth 
culture of the vibrio were planted into each of 30 to 50 Roux flasks After 20 lioins’ 
incubation the heavy growth was scraped ofi into the broth already lu the flasks 
No other liquid was used in washing The bacterial mass was Altered first through 
Kieselguhr and then through an L-3 candle It was found that filtration through 
Seitz B-K dises removed much of the reactive powei of the filtrates The sterile 
water-clear filtrate was kept in the ice-box at 10°C It appeared to lose a good deal 
of its potency after standing about tliree weeks 

Filtrates were prepared in this way from four orgamsms, representing the 
first four groups of vibrios which we have recognized on the basis of their chemical 
structure Group I, cholera vibrio 1617 , Group IT, cholera vibrio 2027 , Group Ilh 
water-vibrio W 880 , Group IV, vibrio El Tor 

The following is a typical experiment m the use of these filtrates for the pro 
duction of Shwartzman’s phenomenon 19th July, 1934 1pm — 0 25 c c of eacli 
of the filtrates (1617, 2027, W 880 and El Tor) was injected as superficially as 
possible into the shaven skin of a rabbit’s abdomen 

20th July, 1934 — The reactions at the sites of the injections are slight They 
consist of faint pink areas, scarcely distinguishable from the normal skm The 
animal is normal 

11 a m (22 hours after the skin injections) — The rabbit was given 1 5 cc of 
W 880 filtrate intravenously 

1 hour — The reaction has begun in the areas of 2027, W 880 and El Tor Aro*'' 

1617 IS negative The positive areas show at this time only a slight purple tinge 
and are not well defined , ^ 

2 hours — ^All the areas are now definitely positive The lesions consist oi 
purple hmmorrhagic patches which are coalescing and darkening They are not ye 
well enough defined to be measurable The animal has become definitely ih 

in a state of collapse Its stools have become loose 

4 hours — The areas have the following dimensions 1617, 3 5 cm X ^ ^ ’ 

2027, 4 0 cm X 2 0 cm , W 880, 3 5 cm x 2 5 cm , El Tor, 3 0 cm X 1 ^ ^ 
These areas are now a very deep purple, raised and with glistening surfaces , ; 

are well defined and marked ofi from the surrounding tissue 

6 hours — ^The areas have not increased in size The purple areas 
sharply as raised patches on the skin Tlie rabbit is extremely ill and is mas. 
of collapse j c H 

24 hours — The reactions are about the same size as before and are well c e 
and raised (Plate XXIV) The two upper areas on the skin h.ive coalesce 
slight degree The animal’s skin outside the lesions is cold, shrivelled and mar v 
cyanotic The rabbit is still veiy ill and its stools are of liquid character ^ ^ 

48 hours — The raised purple lesions are now surrounded by 
about 0 5 cm in width Otherwise they are unchanged The rabbit is 
better and has begun to eat 

72 hours — Regression has begun in all the areas, and the animal has reco 
perfectly 



Plate XXIV 


"riTrj * 






Shwartzman phenomenon with vibrio filtrates m the rabbit The filtrates in amounts 
o£ 0 25 0 c each were injected as follows upper left, cholera Tibno 1017 , upper right, 
cholera vibno 2027 , lower left, water vibno W 880 , lower right, vibno El Tor 
(The reader’s right and left are referred to) Twenty two hours later the areas of 
mjection were practically negative and the rabbit was then given 1 5 c c of W 880 filtrate 
intravenously The haemorrhagic reactions appeared at their full extent betuecn four 
and SIX hours later The picture was taken twenty four hours after the intravenous 
mjection The lesions are raised, well defined and dark purple with ghstening surfaces 
The surrounding skm is clammy and cyanotic The difference m size of reaction 
botneen the El Tor area and the other areas is well shown. As shown in the test this 
was a constant findme ’ 
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It zs evident at once from Table I that there is no specificity in Shwartzman’s 
phenomenon in the vibrios the intravenous injection of any of the filtrates brings 
about the haemoirhagic reaction in all the areas There is, however, a pronounce(’ 
quantitative diffeience between the filtrate of the El Tor strain and the other filtrates 
Wlien the El Tor filtrate is given lutradermally it does not prepare the skm as well 
as the filtrates of the other tliree strains, but although the haemorrhagic areas are 
always smaller they are as characteiistic and as well defined as in the reactions to 
the other filtrates ’Wlien given intravenously, El Tor filtrate gives rise to a better 
reaction m the areas piepared by the other filtrates than in those prepared b} 
itself The average area of haemorrhage in the four El Tor areas was 1 7 cm ^ 
in contrast to the average areas of 6 5 cm ^ for 1617, 6 1 cm ^ for 2027, and 8 1cm ^ 
for W 880 

The experience with the El Tor filtrate suggests that the filtrate used m the 
skin IS of more importance in obtaining a large reaction than is the filtiate which 
IS given intravenously 

As we have shown elsewhere (Linton and Mitra, 1934 , Linton, Mitra and 
Seal, 1935) it is possible to separate the vibiio organism into fractions, which we have 
designated as ‘ A ‘ B ’ and Residue, and we have studied some of the characteristics 
of these fractions including the distribution of the specific polysaccharides intlieni 
and also their constitution as showm by nitrogen distribution 

It was of interest to see if any one of these fractions could by itself prepare the 
skin for the haimorrhagic reaction The following experiment is typical of those 
that were earned out — 

8th October, 1934, 11*30 am — The following injections were made as super 
ficially as possible into the skin of the shaven abdomen of a rabbit, in amoun s o 
0 25 c c each killed heavy suspension of cholera vibrio 2027 (referred to a 
‘ whole ’), solutions of ‘ A ‘ B ’ and Residue fractions of 2027, and filtra o o 
2027 as a control 

9th October, 1934, 10-30 a m — ^Twenty-three hours after the 
animal was perfectly noimal and all the areas were slightly pmk and ra > 
except that into which the whole vibrios had been injected This was prac ic< j 
negative 

c> II 

0 35 c c of 2027 filtrate was given intravenously The reason for 
intravenous dose may be explained here The experiments reported in ^ 
part of this paper were done at the Pasteur Institute, Shillong, Assam, ^ 
Belgian rabbits It was only occasionally that a dose of 1 0 c c or 1 ^ 

found to cause the death of one of these animals The present -pPits 

carried out at the All-India Institute of Hygiene, Calcutta, where 
were available These, while nearly of the same weight as the Shillong 
were found to be highly susceptible to the filtrates, so that in some 
intravenously of as little as 0 1 c c were fatal withm four or five hours 
animals did survive, however, the Shwartzman phenomenon m fjjeir 

better marked and more striking than in those m vShillong, ^ i Calcutta 

thinner skins and the absence of pigment In both the ^as 

rabbits it was observed that a less good skm reaction occurred ii pioderate 

made very ill by a large intravenous dose of the filtrate, than w e 
dose was given 
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1 hour —No change except in the Filtrate area, which is faintly purple The 
rabbit is normal 

2 hours— The Filtrate area is more markedly hsemorrhagic, and is 
2 5 cm X 2 0 cm in diameter , ‘ A ’ area is beginning to show a purple tinge 
which IS approximately 1 0 cm X 1 0 cm m diameter The othei areas are 
unchanged 

4 hours — The Whole area is negative , ‘ A ’ area has a well-developed 
reaction, raised and deep purple, 1 0 cm x 1 0 cm in diameter The ‘ B ’ and 
Eesidue areas are negative , the Filtrate area is 3 0 cm X 1 6 cm in diameter 
— a typical reaction in size and appearance The rabbit is in a state of collapse and 
has loose stools 

24 hours — The Whole area is negative , the ‘ A ’ area shows a characteristic 
hemorrhagic reaction, 15 cm X 1 0 cm in diameter ‘ B ’ area is negative Eesidue 
area shows a faint redness, not the typical purple leactiou The hemorrhage in the 
Filtrate area is heavy and 3 0 cm X 2 0 cm in diameter 

The reactions remained about the same until 72 hours after the intravenous 
injection, except that the red reaction in the Eesidue area quickly faded 
Eegressive changes then began The animal completely recovered 

In the experiment described above strain 2027 was used Other experiments 
have been carried out using the organisms already described of the other three 
groups In the case of 1617 the Filtrate area and the ‘ A ’ area were again positive 
and the Whole, ‘ B ’ and Eesidue areas negative A similar finding was made 
when the fractions and filtrate of strain W 880 were used , in this case, however, 
the Whole area also showed a small hsemorhrage, which was much less marked 
than that of the other two positive areas, ‘ A ’ being 1 0 cm X 1 0 cm and the 
Filtrate 2 0 cm x 2 0 cm in diameter and both typical In the case of the El 
Tor fractions and filtrate we again found that onlv the areas prepared by ‘ A ’ 
fraction and by the filtrate itself reacted after the intravenous injection of 
the El Tor filtiate 

This set of experiments strongly suggests that the portion of the vibrio body 
which is concerned in the preparation of the skin for the haemorrhagic reaction is 
the ‘ A ’ fraction 

Neutralization — In the following experiments an attempt was made to 
neutralize the skin sensitizing factor in the filtrates by means of specific 
anti-sera — 


Tubes contaimng the following mixtures were prepared and incubated for four 
hours at 56°C The dilutions indicated are final dilutions — 

Tube 1 0 25 c c undiluted filtrate 2027 -j- 0 25 c c normal sahne 

Tube 2 0 25 c c „ ,, 2027 -j- 0 26 c c anti-serum 2027 (1 601 

Tube 3 0 25 c c „ „ 2027 -f 0 25 c c human convalescent serum 

Tube 4 0 25 c c „ „ 2027 -f- 0 25 c c normal human serum (1 50) 

The homologous agglutinating titres of the 2027 anti-serum was 1 2 000 and 
of the human convalescent serum against this orgamsm 1 1,000 ’ 
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The following were the results during the incubation period — 


Table II 


Period 

Tube 1 

Tube 2 

Tube 3 

Tube 4 

16 minutes 

0 

Fa^itly cloudy 

0 

0 

2 hours 

0 

Loose flocculation 
collecting at 
bottom of tube 

Faintly cloudy 

0 

3 „ 

0 

Ditto 

Fme granular preci 
pitate ; no floc- 
cnlnm 

0 

4 

0 

Ditto 

Ditto 

0 


As Table II shows, the homologous anti-serum began to react almost at once 
and at the 2-hour period a bulky loose flocculum had formed, which was easily 
broken up on shaking The human convalescent serum did not begin to react witli 
the filtrate until the second hour of incubation and did not form a flocculum but 
a granular precipitate The control tubes 1 and 4 were negative 

At the end of the four hours’ incubation, the tubes were well shaken ana 
0 25 c c of each was injected as superficially as possible into the shaven skin 
of a rabbit Eighteen hours later none of the sites of injection was at all well 
defined Area 1 was slightly red , area 3 was represented by a small red spot 
and areas 2 and 4 were practically unmarked One c c of the filtrate of 2027 
was given intravenously 

1 hour — The animal is definitely ill Area 4 is beginning to show hasmorrliage > 

the other areas are negative 

2 hours — Areas 1, 3 and 4 are all positive, but the haemorrhages are not }i‘t 
well defined In each of them an area 2 cm to 3 cm in diameter is covered by s 
mass of discrete pm -point haemorrhages Area 2 does not have this appearance, 
but IS represented by a single purple spot a few mm in diameter 

6 hours —Area 1, 3 5 cm X 2 5 cm , 3, 3 6 cm x 1 6 cm , 4, 2 6 cm X 2 « 
cm All display the typical well-marked purple raised haemoirhagic oliaractcr 
Area 2 is represented by a few pin-point haemorrhages, but the skm surrounding 
Site of the injection does not differ from normal skin There is no general reaction 
in the rabbit, which is not as ill as at the 1- and 2-hour periods A diarrhcea 1“^ 
present 

24 hours — ^Areas 1, 3 and 4 have the same sizes as before and are typical n 
appearance Area 2 is represented by a few small haemorrhages in a clear sKm 
This area is not laised Diarrhoea is still present 

72 hours — Regressive changes are beginning in areas 1, 3 and 4 Area i 
completely negative The animal has completely recovered 

This experiment demonstrates that the hmmorrhagic plienomenon m 
vibrios can be neutralized by specific vibrio anti-serum The reaction was 
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neutralized by normal kuman serum or by saline Tke failure of tke convalescent 
human serum to neutialize cannot be taken as conclusive, since the agglutinin titre 
of this serum was only half that of the anti- vibrio serum which did neutralize We 
have no evidence to mdicate what relationship, if any, exists between the agglutinins 
and the neutralizing bodies in the vibrio anti-sera 

This experiment was repeated using the same sera but in dilutions of 1 200 

instead of 1 50 At this dilution no flocculation occurred in any of the tubes and 
only i slight cloudiness in the tube containing the 2027 filtrate and anti-serum 
Without repeating the details of this experiment, we may say that here again the 
skin reaction following the intravenous injection of the homologous filtrate was 
averted, while the areas containing the filtrate plus saline, plus convalescent human 
sei um and plus normal human serum were well marked and typical The neutr abza- 
tion of the 2027 filtrate by its own anti-serum was, however, not as complete as 
when the 1 50 dilution was used, and at 48 and 72 hours the area resembled a 

small contusion It is interesting to note that in this experiment the swelling was 
as marked in this area as in the other areas, while the hEemorrhagic reaction was 
almost completely absent As before, the area became completely negative, while 
the other sites of mjection were still well defined 

Gross-neutralization was then tried, and the following experiment was set up 
The dilutions are final dilutions — 

Tube 1 0 26 c c undiluted filtrate W 880 -f- 0 25 c c normal saline 

Tube 2 0 25 0 c ,, „ W 880 -f- 0 25 c c anti-serum 2027 (1 - 60) 

Tube 3 0 25 c c „ „ 1617 -j- 0 25 c c normal sabne 

Tube 4 0 25 c c „ „ 1617 + 0 25 c o anti-serum 2027 (1 50) 

When incubated at SO^C in the water-bath, these tubes showed the followmg 
reactions at the periods indicated — 


Table III 


Penod 

Tube 1 

Tube 2 

Tube 3 

Tube 4 

16 minutes 

i 

0 

1 

0 

0 

Cloudy 

2 hours ! 

0 1 

Very faint clondi 
ness 

0 

Uniform granular 

precipitate 

3 „ 

0 

Ditto 

0 

Flocculation and 
deposit 

4 „ 

0 

Ditto 

0 

Ditto 


The reaction n ith W 880 filtrate (tube 2) did not go beyond a barelv recognizable 
turbidity In tube 4 the reaction of 1617 filtrate with 2027 anti-serim was visible 
almost at once and went on to the formation of a loose flocculiim at three hours 
lias stage was preceded bv the appearance of a granular precipitate 

At the end of four hours’ incubation the tubes were well shaken and 0 25 e p 
each was injected into a rabbit’s abdomen as before 
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a. «re of 1 i^.soo,. cZc'lf t.^riTzrTaitS 


ilUefinerl spots, and tL^^oUTfwo^lVearterrl ^ pndcish-wBite 

flitra£.or:vto;:r;‘'“ ■“ nfztzl^x, ?” ”„s', 

Area 4 is negative ^ ^ *>agJnning to show the hffimorrhagic reaction 

3 hours ^Arca 1, 2 5 cm x 2 0 em 9 o n 
The appearance of these areas ZZZlvhZ T X 2 0 cm , 3, 2 5 cm x 1 5 cm 
faint purple spot which cannot be ^^ 0^0 S ^ “ represented br j 

“>'! ”“'’“'*“'“»'f>'ccaase It IS too indefinite Theaaunal 

K r . 


^ -Iiours — TI 16 tirGES 1 2 a q 
A rea 4 is now an I'rregidar 

Ii^morrliages ^ aint-purpJe patcli containing a few pin-pomt 

24 Lours — TLe first thri^p 
previous daj Area 4 shows a 

2 o cm X 2 0 cm semi-confluent JuemorrJiages iii an area 

m ^ 


not neutralize first, that 2027 anti-seiiiiu does 

althougc somewhat less weH’than’it neutralize 1617 filtrate, 

previous experiment In this exnpnm own filtrate, as shown m a 

serum appears to parallel its agglLnSmg poweT“‘'‘“'“’”« 

Tube 1 0 28 c c^offresh no "cs earned out as follows - 

filtrate 2027 serum + 0 25 c c of undilutcci 

vvere inoculated inteacutaneoudy^in^^^^ ^ 

cloudiness or flocculation appeared ^ rabbit During the incubation no 


Tube 3 0 25 cc rSium^202t 

Tube 4 0 25 c c fresh normal rabbif « "n ^ ® ® undiluted filtrate 2027 

2027 (1 60) + 0 25 c c undiluted filtrale 


dermlt'wrthXreCs^n^tS 

After 19 hours none nf fiia 

rabbit was given 1 0 c c of 9097 fli! luore than slightly distinguishable TLe 
_ _ nitrate intravenously 

O ilOULTS *— -T'fio Qr\iTv\f>7 i« • i i« 


>, 2 8 om™x 2 0 cS‘!^,q‘ C n ™f 1 'f Tyfif Jl"”'* * 


are positive 2, 2 5 cm x 2 0 cm <? 9 n 7 — - 

24 hours— A ’ ^.30cm x 1 5 cm , 4,20cm X I6cm 

typical Shwartzma^s reactionf negative Of the other areas, 2 and 4 sbaw 

At 48 hours the appearances were the “me m a5 Sfarl''®'“'^'^'° 


R W L%nton, H Singh and S C Seal 


667 


Ihis experiment ■was designed to give at least an indication of the answers to 
the follow mg questions These may be put down categorically with the results 
Does normal fresh undiluted rabbit serum neutralize the filtiate when injected 
after incubation « As area 1 shows, the reaction is neutralized under these condi- 
tions 

Does neutralization occur when the normal serum is diluted 1 50 and injected 

without previous incubation ^ No neutralization occurs (area 4) 

’When the mixture of anti-serum and filtrate is injected without previous 
incubation, does neutralization occur ‘ Areas 2 and 3 show that neutralization 
occurs under these conditions to a very slight extent only, i e , the atypical 
appearance of area 3 in contrast to the typical leaction m area 2 points to a certain 
amount of neutralization having taken place in vivo 

Expennients on the concentiation of the filtrates These have taken two 
forms repeated alcoholic precipitation of the active substance, and ammonium 
sulphate precipitation followed by dialysis The concentrated filtrates were 
tested by s¥m injections atone and Shwartzman’s phenomenon was not elicited, 
although they are capable of producing it 

Alcoholic precipitation — A filtrate of 2027 -was prepared as described above, 
100 cc of the washings yielding 50 c c of clear filtrate Tw^enty c c were reserved 
foi expeiiments with unconcentrated filtrate and to the remainder was added 2 5 
volumes of absolute alcohol An immediate precipitate appeared, and after standing 
18 hours in the ice-box the clear supernatant was decanted and the granular 
precipitate taken up in 15 c c of normal saline Almost complete solution occurred 
at once, giving a golden-brown fluid, neutral to litmus and having a slight turbidity 
This process of precipitation and solution was repeated, and the final precipitate 
dissolved in 1 5 c c of normal saline, representing a concentration of 22 5 times of 
the precipitable matter in the original solution, and the extraction of most of the 
colouring matter of the broth Later wmrk on larger amounts of filtrate, which we 
have detailed below, showed that 2 5 to 3 0 volumes of absolute alcohol precipitated 
the active substance, while 1 5 volumes took out the inorganic salts and left the 
reactive material in solution 

0 25 c c of the concentrated filtrate was injected as superficially as possible 
into the abdomen of a rabbit and 0 25 c c of the unconcentrated filtrate was also 
given at the same time Twenty hours later the site of the latter injection show’ed 
only 1 slight reddening, similar to that described m the experiments above The 
area in which the concentrate had been injected had, on the other hand, a well- 
defined reaction 4 0 cm X 4 0 cm in diameter, surrounding an area 10 cm X 1 0 cm 
m diameter in which necrosis w^as beginning 

At 48 hours the area having the unconcentrated filtrate w^as almost negative 
and the slight reaction had largely faded away In the other area, however, the 
reaction was large, erythematous and swmllen, and the central area of necrosis 
well advanced At 96 hours the erjdhema had somewhat faded and the necrotic 
area was cicatrized, raised and indurated 

This experiment shows that it is possible so to concentrate the filtrate of cholera 
vibrio 2027 by alcoholic precipitation that a marked skm reaction -uith necrosis 
could be obtamed in the rabbit necrosis 
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When filtiates in volumes of 300 c c to 600 c c "wore being concentrated, it vas 
found tbat the presence of inorgann. salts could be an interfering factor, if tbey vere 
precipitated along with the active portion of tbe filtrate Tbe following experimeiit 
showed that this difficulty could be overcome by fractional precipitation — 


Table IV 


Filtiate 2027, 400 cc of a 20-7io?« ciiliwe ^ueimred as described 
above and filleied ihougli an L-3 candle 


Amount of absolute 
alcohol added, in 
volumes 

Total 

Result, as shouu b\’ 
appearance of a precipitate 

Result of precipitm reaction 
with the precipitate r 
2027 antiserum 

10 

1 

Nil 


06 

15 ' 

Heavy -white precipitate 

Negative 

10 

26 

i 

Turbidity 


06 

30 

Granular bromi precipitate 

1 

Strong precipitm reaction 

20 

60 

Light floccular precipitate 

Negative 

20 

70 

Turbidity , no settling 



After each addition of alcohol, except that at 2 5 volumes, the precipda ^ 
which appeared was centrifuged oS, dissolved in a small amount of distiHec ® > 
and used in the precipitin test with the homologous anti-serum As tue ^ 
shows, only the precipitate which fell out with 2 5 to 3 0 volumes of alcohol con 
the substance reacting with the specific anti-serum The heavy 
appearing on the addition of 1 5 volumes appeared to consist largely of the ,j 
salts from the broth and agar It was found essential to keep the reaction s 
alkaline to obtain a precipitate 

The filtrate used in this experiment had been derived from growth of 
broth It was found that when the growth and preparation of the n ^ 

carried out in peptone water, the difierentiation was not as clear cut as in i ^ j. 
experiment, in that almost as much of the reactive material came dou n 
volumes of alcoliol as with 3 0 volumes ^ 

An attempt to neutralize the skin reaction resulting from the pf tlic 

concentrated filtrate was made In each of three tubes equal g^ahen 

concentrated filtrate of 2027 and of 2027 anti-serum diluted as indicatoc 
In the fourth tube the concentrate was mixed m equal volume of no 
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The tubes were mcubated for four hours at 66°G with the results as shown m 
Table V — 


Table V 


Period 

i 

Tube 1 

1 1 

30 minutes 

j Cloudy 

2 hours 

Turbid 

3 » 

Heavy fiocoulum fills 


the tube 

4 » 

Ditto 


Tube 2 

1 60 

Tube 3 

1 200 

Tube 4 
Normal saline 
filtrate 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


After four hours’ incubation the tubes weie well shaken and 0 25 c c of each 
was injected into the skin of a rabbit 

Nineteen hours later, area 1 is a small raised lump about 1 0 cm X 1 0 cm in 
diameter and hardly distinguishable in colour from the normal skin Area 2 is 
likewise almost negative and is represented by a'’slight erythematous patch Area 
3 is 4 0 cm X 4 0 cm in diameter surrounding the site of injection, which is 
however not as marked as m the previous experiment, since there is no necrosis 
The control area 4 is also 4 0 cm X 4 0 cm in diameter, and is raised and markedly 
inflamed At 48 hoius area 1 has decreased to about one-half its size at 24 hours, 
area 2 is negative and areas 3 and 4 are still well defined, but no necrosis has 
taken place around the point of mjection 

It appears that the serum has neutralized the concentrated filtrate at dilutions 
of 1 1 and 1 50, but not at 1 200 The reaction at this dilution (area 3) and m 

the control area (area 4) are not as marked as that found with the undiluted filtrate 
in the previous experiment This result may be due to the weakening effect of 
heating the concentrated filtrate at 56°C for four hours Nevertheless, there is a 
defimte contrast between the areas, which allows the conclusion that a certain 
amount of neutralization occurred under the conditions of the experiment 

Concentration with ammonium sulphate — Fifty c c each of the filtrates of 
1617 and W 880 were completely saturated with ammonium sulphate, and after 
standing overnight were divided into two portions, the ‘ precipitate’ ’ and the 
‘ filtrate ’ They were dialysed against running water followed by distilled water 
until only a very faint reaction for sulphates was present They were then con 
centrated in vacuum at 50°C to a few c c , centrifuged, and the water-clear sohitiniia 
put up against the anti-sera to 1617, 1617A, W 880 and W 880A The filtrates 
and precipitates were used undiluted The figures m parentheses refer to the 
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final dilutions of tlic anti-sera at wliicli the reaction occurred The readings were 
made after two hours at 56°C 


Table VI 


Anti sera 

1617 

precipitate 

1617 

filtrate 

w sso 

precipitate 

W 880 
filtrate 

1 

J617 j 

Cloudv 

0 

-b (1 

1 

2) i 

— 

1617A 

+ (1 2} 


-b {1 

2) 

— 

W S80 

0 

— 

-b-b (1 

8) 

0 

W 880A 

Cloudy 

— 

-b-b (1 

21 

± 


± = doubtful , — = not doue 

The anti-sera against the two ‘ A ’ fractions were included in this experiment 
for the following reason In the work previouslj'’ reported on the serology of the 
vibrio fractions (Linton, Mitra and Seal, loc cit ), wc showed that these ' A ’ anti-sera 
reacted only with whole vibrios and with ‘ A ’ extracts, and not with the ‘ B ’ and 
residue fractions It appeared possible accordingly that some information might 
be gained as to the possibility of ‘ A ’ being present in the filtrate, by including 
these anti-sera 

As Table VI shows, the twm precipitates react with the anti-sera (with the 
exception of W 880 serum against 1617 precipitate), while the reactions with the 
filtrates are either negative or doubtful W 880 precipitate appears to be more 
reactive than 1617 precipitate, and this finding w'as borne out by the skin experi- 
ments detailed below The ‘ A ’ anti-sera do react with the precipitates and only 
doubtfully with the homologous filtrates, thus giving at least an indication of the 
character of their contents This indication is strengthened by the previous 
demonstration that the ‘ A ’ fractions are able to sensitize the skin for the Shwartz- 
man reaction 

The distribution of the reactive factors in the ammonium sulphate filtrates and 
precipitates was also studied by means of a skin test 0 25 c c of each of the four 
fluids was injected as superficially as possible into the shaven skin of a rabbit s 
abdomen Twenty-four hours later readings were made w ith the following resu s 
1617 precipitate, a raised and erythematous area 2 0 cm X 1 6 cm in ^ 
1617 filtrate, no reaction W 880 precipitate, a raised eiythematous area 3 0 cm 
1 5 cm in diameter, with a hEemorrhagic area around the site of the injection 
IS a stronger reaction than that given by the 1617 precipitate W 880 ° _ 

reaction The reactions with the precipitates are much stronger than wi i 
original broth filtrates, showing that considerable concentration of tne a 
substance had occurred i 

At 48 hours the reactions in the ‘ precipitate ’ areas had increased m SJ^ an 
severitv The diameter of 1617 area is now 2 6 cm x 2 0 cm , and tba o 
4 0 cm X 2 5 cm They appear as contused erythematous and heemorriiag 
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of irregular outline The skin itself is cyanotic, cold to the touch, and loose The 
‘ filtrate ’ areas are negative 

At 72 hours the ‘ precipitate ’ reactions had begun to regress, but vrere still 
well defined 

It IS evident that the results of this skin reaction coincide with those of the 
zn vitro precipitin reaction The W 880 precipitate is stronger in both experiments 
than the corresponding fraction of 1617, and in all cases the reactions with tlie 
filtrates are practically negative It seems ]ustifiable to conclude that full satura- 
tion of the original broth filtrate with ammonium sulphate is able to carry down 
the reactive factors and that in this waj they mav he purified and concentrated 
Precipihn reactions with anti filtrate serum An anti-serum was made against 
the unconcentrated filtrate of choleia vibrio 2027 by intravenous injections into a 
rabbit The initial dose was 0 5 c c , followed foui days later by 0 75 c o and at 
three further intervals of four days by 1 0 c c The total given was 4 25 c c IVlien 
bled a week after the last injection the rabbit’s serum had an agglutinating titre 
of 1 12,800 against its homologous organism The filtrate was accoidingly at 

least as antigemc as the whole vibrio, and as capable of producing agglutinins The 
filtrate appears to give rise to precipitms more readily than whole organisms do 
It has been the experience of ourselves as well as of other workers that cholera 
precipitms are obtainable in rabbits only after numerous injections of whole organ- 
isms, which ma'^ extend over a period of 12 or 15 weeks The injection of the 
filtrate produced precipitms in about three weeks 

Unconceiitrated filtiate of 2027 was set up against this anti-serum, and the 
results are given m Table VII — 


Table VII 


Final seruin j 
dilutions 

1 

15 minutes 

2 hours 

4 hours 

j 

1 2 1 

+ + 

+ 

j 

+ + + 

1 8 

Cloudy 

1 


+ + 

1 16 

Sliglitly cloudy 

Cloudy 

[ Cloudy 

1 32 

0 

j Shghtlv cloudy 

Slightly cloudy 

1 60 

i 

I 

0 

1 

1 0 

1 

0 


Both the serum and the filtrate controls ivere negative 
The reaction at four hours was evident at a dilution of i r i-u 
This considerable discrepancy between the agglutinating and the ^‘pSng 
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power of tlie serum led us to suppose that the filtrate had lost its reactivity 
during prepaiation, wliicli had included filtration through a Seitz E-K disc A 
second filtrate was accordingly prepared, similar to those which we had used 
111 the production of Shwartzman’s phenomenon In this case the 20-hoiir 
growth was first centrifuged m a Sharpies’ supercentrifuge, then filtered through 
Kieselguhr, followed by filtration through an L-3 candle It was then set up 
against the 2027 anti -serum as before, as weie also similarly prepared filtrates 
of the other organisms The lesults are given m Table VIII, the readings 
being made after four hours at 56°C — 


Table VIII 


Final serum 
dilutions 

2027 

1617 

W880 

El Tor 

1 20 

+ + -84- 

1 

4-4-4- 

0 

4-4- 1- 

1 40 


4 -f-h 

0 

•+• -j* 

1 so 

-*- + + + 

+ + 

1 ^ 

i 

0 

1 IGO 

-^4-4- 

-1- 

0 

0 

1 320 


0 

0 

0 


Both the serum and filtrate controls were negative 

It IS evident that the reaction in this experiment with 2027 filtrate is much 
better than in the previous experiment, thus indicating that the Seitz E-K disc 
removes much of the active portion of the filtrate The table also shows that tiw 
anti-serum is specific in relation to the filtrates, reacting with them in the 
with the whole organisms in the agglutination reaction With itself and i 
reacts equally well, less well with El Tor, and not at all with W 880 


SUMMABY 

Shwartzman’s phenomenon can be produced in ralibits by filtrates 
agar cultures of vibrios representing Gioups I, II, III and IV The filtrate o 
vibrios from each of these groups is able to prepare the skin for the 
reaction which results from the subsequent intravenous 
other filtrates There is accordingly no specificity in Shwartzman s pk™® 1 
in relation to these four kinds of vibrios The El Tor filtrate prepared 
less well than the others, although its power of eliciting the reaction wiie j 
intravenously was as great as that of the other filtrates 
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Studies ou tlie fractions of the vibrios in relation to their power of preparing 
the skin for the hcemorrliagic reaction have shown bliat the ‘ A ’ fraction alone 
yields a constant and typical reaction, and that the whole vibrios, and the B and 
Residue fractions are without sensitizing effect This finding is another indication 
of the important role plaj ed bj the ‘ A ’ fiaction in the re ictivity of the vibrio to 
its environment 

The sensitizing power of the filtrate of the Group II strain (2027) was 
neutralized by incubating it before’ inoculation with homologous anti-serum diluted 
1 DO, and less well at a dilution of 1 200 The filtrate was not neutralized by 

human convalescent serum at these dilutions The filtrate of the watcr-vibrio 
(W 880) was not neutralized by 2027 anti-serum, while the filtrate of cholera 
vibrio 1617 (Group I) was neutralizeil, le , no Shwartzman’s phenomenon followed 
when 1617 filtrate which had been incubated with 2027 anti-serum was used to 
sensitize the skin, but a typical reaction resulted when W 880 filtrate was 
substituted for the 1617 filtrate 

This, result is of interest since it indicates that the neutralizing power of the 
anti-serum coincides to a considerable extent with its agglutinating power, but that 
the coincidence is not complete is shown by the experience with the human convales- 
cent serum, which agglutinated an organism the filtrate of which it did not 
neutiahze On the other hand, the factors responsible for the Shwartzman 
phenomenon, both m the skin and by the intravenous route, are not specific, but 
are common to all the tyjjes of vibrio studied 

Fresh normal rabbit serum neutralized the reaction after incubation with the 
filtrate , diluted 1 60 and injected without incubation it did not neutralize When 
anti-serum plus filtrate is injected without incubation, neutralization occurs to a 
slight extent only 

The concentration of the reactive portion of the filtrates was carried out both 
by alcohol precipitation and by full saturation with ammonium sulphate By 
fractional alcoholic precipitation of broth filtrates it was found that most of the 
inorganic material could be removed by 1 5 volumes of alcohol, and the active 
substance then brought down by the addition of a further 1 5 volumes With 
peptoue-water filtrates this differentiation was unsuccessful, as active substance 
appeared m the precipitates with both these amounts of alcohol Concentrated 
filtrates were found to give marked skin reactions with necrosis in rabbits in 
contrast to the transitory reactions winch followed the injection of the un- 
concentiated filtrates The skin reaction following the injection of concentrated 
filtrate could be neutralized by incubating this filtrate with homologous autMemm 
before injection 

Complete saturation of tbe filtrates nifli ammonium sulphate led equally to 
the precipitation of the active substance and it can accordingly he concentrated 
and purified m this wa} The precipitates so produced were found by precipitin 
reactioiib and by skin reactions to have practically the whole of the reactive substence 
in them 


The intravenous injection of unconcentrated filtrate into a rabbit resulted in 
the rapid production of an agglutinating and precipitating anti-seram, havin<? the 
same range of specificity as anti-serum to the whole vibrio ^ 
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Medical Enlomologisl, Travancore 

[Received for publication, October 22, 1934 J 

Medical -workers m. India often experience difficnlty in identifying rat-fleas 
and it was felt tkat a simple illustrated key to tte identification of tke common 
rat-fleas of India would be of help to many workers The present article will, it is 
hoped, facilitate quick identification of the common genera of Indian rat-fleas and 
of the species of the more important genera In tlus key, the differentiation is 
based on simple characters which are illustrated by photomicrographs and camera- 
lucida drawings The present article, which does not claim to be an exhaustive 
treatise on all fleas, is intended primarily as an aid to the identification of rat-fleas 
which a worker may come across in India 

Eleas have certain well-defined characteristics They are wangless msects 
parasitic on warm-blooded animals The body is chitinized and compressed laterally 
The legs are well developed for jumping and are provided -with claws for clinging 
to the fur of the host The mouth-parts are adapted for piercmg and sucking 

Text-figure 1 shows an entire flea viewed laterally The body is differentiated 
into head, thorax and abdomen The different parts of the head and thorax are 
shown in Text-figure 2 The most anterior part of the head is kno-wn as the ' frons ’ 
The anterior ventral portion of the head is the ‘ gena ’ In some fleas the gena bears 
a comb of spines and this is known as the ' ^enal comb ’ These spines on the gena 
are sometimes on the ventral margin as in the case of CtenocepJialides or on the 
posterior margin as in the case of Leptopsylla The thorax is composed of three 
easily recognized segments, prothorax, mesothorax and metathorax, each of which 
carries a pair of well-developed legs The prothorax in several genera has a comb 
of spines on its posterior margin and this is known as the ‘ pronotal comb ’ Another 
important structure iisefid m the differentiation "of the genera of rat-fleas is the 
piesence of the vertical internal thickening on the lateral ventral plate of the inp<;n. 
thorax (Text-figures 1 and 3A, msp s ) 

The sex of the flea is determined by an examination of the terminal portion of 
the abdomen In the female the upper and lower sides of the abdomen are 
more or less similar, while in the male the terminal portion is tilted upwards 
MR ( 676 ) ^ f. ’ 
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the dorsal side being very different from the ventral side (Text-figure 4) Ib 
addition to this, the male can be rccogni/ed by the presence of several internal 
curved-up chitinous structures which arc absent in the female, and by the 
absence of the spermathcca (Text-figure 1, spm ) 


Tintn 



Text-hqube 1 — Xenopsylla cheopis, female p, 

an antenna, a py hr antepygidial bristle, e eye,/ frons, A head, wisn mesonotum, win ”'pvgidiuiD> 
mouth-parts, map a internal vertical thiekenmg on mesosternite, prn pronotura, py 1 
spermatheca, si stigmata. 


In the identification of the genera of rat-fleas, it is important to de 
presence or absence of the genal comb and of the pronotal 
important character is the presence of the vertical rod-like tnic en 
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Text hgtoe 2 —Head and thorax of Otenocepliahdes Jehs onenlts 
(camera lueida X 70) g c gena» comb, p c pronotal comb 
Other lettermg as m Text-figure 1 



Text eiqubb 3 — A Megothorax (man ) and metathorax {mtn ) of Xenopaylla 
sbo^ving mternal yertica) tbichen^ng [m-p s) on meBogtemite 

B Same of Piiltjc shovping absence of the vertical thiokenmg on meso 
stermto (camera lucida X 96) 


Tk. ao,nn.n Ba,,Uas of /„*. 

inner side of the nl 


t tgi 


ab.tjva 


\/’y t, 




The folio Wl ^®®^T1FICATI0N 

India — ^ the identification of the nn Tnm nn gpnprn, nf rat-flcflsol 

oic targite^ tegoK' 

segment .. ® shorter than 1st abdominal 




Ecbfdnopliaga. 
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2 

3 


4 

6 

6 


Frons not angnlato , thoracic segments not shortened , 
thoraoio tergites together much longer than 1st abdominal 
segment 

Pronotal and genal combs absent 

Pronotal comb always present, and in some genera, genal 
comb as well 

Mesopleura without rod like thickening extending upwards 
from inBerti,on of base of leg , onfioe of apermatheoa 
sub dorsal , clasper in male large and semi oircnlar 
Alesopleura with rod like thiokemng extending upwards 
from insertion of base of leg, orifice of spermatheea 
ventral , clasper m male not large or semi circular 
Eyes absent , genal comb with less than five teeth 
Byes present , genal comb if present consists of more than 
five teeth 

Genal comb present 

Genal comb absent 

Dorsal margyi of pygidmm flat 

Dorsal margin of pygidmm strongly convex 


Pulex. 


Xenopsylla. 

Leptopsylla. 


Cfenocephalides. 

Ceratophyllus 

(Nosopsyllus). 

Stlvaltus 


2 

3 

4 


6 

6 


Brief notes on the different genera of rat-fleas mentioned m the key are fnmiBhed 
below — 


Echidnophaga. 

Text-fignxe 5 and Plate XXV, figs 1, 2 and 4 ) 

This genus has several characteristics which at once separate it from the other 
genera The thoracic segments are much compressed and the dorsal length of the 



Text tioobe 6 — Head of Echidnophanix galltnaccm 
(camera Iticida y 180) / frone, pop post oral process 
or genal hook 


Smen?ma£ YT V '"V® abdominal 

gment (Plate XX^ , fig 4} Unlike other genera m which the mouth-parts 
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project ventrally from the head, in Echidnojdiaga the month-parts project more or 
less anteriorly This feature is even more strikingly observed in the males of thi' 
genus The head is polygonal in shape and the frons is angulate The geual angle 
of the head is produced into a short hook-like process known as the ‘post oral 
process ’ (Text-figure 6) The legs are poorly developed The claws are small, 
narrow, more or less straight and in the species found on rats devoid of the basil 
thumb-like process observed in other genera The spcrmatheca in the female is 
feebly chitmized and its oiificc is sub-doisal E galhnacens Westiv is a common 
Indian species which is normally a parasite of the fowl but frequently occur- 
on rats as well The female has the habit of fixing itself to the skin of the host 
and remaining in one position foi a long time This flea is commonly known as the 
‘ stick-fast flea ’ from the maimer in which it sticks to the host It is noteasil} 
brushed ofi the rat It generally occurs on the snout of rats and also in betuecn 
the toes 


Pulex. 


(Text-figures 3 and 6, Plate XXV, figs 5 and 6, and Plate XXVI, fig 1 ) 

This genus is recognized by several characters The genal and pronotal corahs 
are absent The mesosteinum is devoid of the vertical lod-like thickening from r 
base of the leg to the dorsal edge of the sternal piece The spermatlieca m 
female is comma-shaped and its orifice is sub-dorsal (Text-figure 6) The 
process of the clasper in the male is large and semi-circular m shape ^ i’ 

fig 6, and Plate XXVI, fig 1) The mandibles are bioad, short and deeply scixa 

The hind coxa is pear-shaped 



Text-figube 6 — Spcrmatheca of (o) Zenopsylla and (b) 
Pulex, shoning position of orifice (camera lucida X 193) 


f 

Pulex IS represented by one species, P irntans L the human flea flea 

usual host of this flea but it is occasionally found on rats Althoug 
frequently attacks rats, it is not often observed in collections of fleas j^/or if 
IS because this flea does not ordinarily stay on the host longer than is nccc ‘ q{ 
to have its feed of blood and usually lives away from the host An easj 
collecting this species is to trample on dust in dark corners of rooms m a 
P tn itans is common, when the fleas will jump on to the legs ' ^ 
be caught m tubes containing a wad of cotton-w^ool wet with „ good 

collected in this manner consist largely of P iintans, but also 
number of Ctenocephalides 



to to to ti 


1 — Echtdnophaga gaUinaceus, male, x 30 

2 — Echidnophaqa gaUmncevs, female, x 30 

3 — Xenopsylla cheopis, showmg head and thorax, x 62 
_ •! — Echidnophaga gallirtacens, showing head and thorax, x 62 

Fig 5 — Pvhx irritans, showing head and thorax, x 62 
Fig 6 —Pulex trntanf, showing end of abdomen of male, x 62 





Plate XXVI 



Fig 1 — Pzilex irritans, male, x 29 
Fig 2 — Xenopsylla cheopis, female, x 29 
Fig 3 — Xenopsylla cheopis, male, x 29 

Fig 4 — Xenopsylla hrasiliensis, female, showmg spermatheca, X 61 
Fig 5 — X cheopis, female, showing spermatheca, X 61 
Fig 6 — X aslia, female, showing spermatheca, X 61 


Plate XXVII 
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bO to to to tc 


1 Jjcplopsylla himalaica, female, X 10 

2 — Leplopsylla himalaica, male, X 30 ^ v 1‘’4 

3 ^Leptopsijlla himalaica, sliowm^ he id and thora-c, X 

4 Clenocephalides fehs orientis, female, x 

5 Clenocephalides fehs orientis, X ^0 ^ 





Plate XXIX 
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1 CeralopMlvs mlqinensif, female, y 30 
n _^™°P''yU\is nilgmcnsis, male, x 30 

0 — nilprtcnsts, end of abdomen of 

7 _ nilqtnensis, end of abdomen oi rZf antepygidia] 1 

Sl‘iahus ahalce end of abdomen of fcm"e eho anteif/ldial t 

'“ = „,aniepygidia] bristleE and 


i„e'>diuiD, X 61 
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I’he distribution of Pulex irntans in India is confined to hilly areas It is only 
rarely found on the plains 

Xenopsylla. 

(Text-figures 1, 3, 4 and 6, Plate XXV, fig 3, and Plate XX.Y1, figs 2 and 3 ) 

The characteristics of this genus are (1) absence of pronotal and genal combs, 
(2) presence of a vertical rod-like thickening on the inner side of the mesosternum 
from the base of leg to the dorsal edge of the sternal piece (Text-figure 3 and Plate 
XXV, fig 3), and (3) the orifice of the spermatheca is ventral (Text-figure 6) 
Xenopsylla is the prmcipal genus of rat-fleas of India and is represented % three 
species, X cTieopis Roths , X astia Roths , and X brasihensis Baker One of these, 
X cheopis, IS the principal transmitter of plague m India and X asita is suspected 
to spread plague under certain conditions The three species of Xenopsylla 
occurring in India can be difierentiated by the foUoving characters (1) structure 
of the spermatheca in the female, (2) structure of the antepygidial bristle in the 
male, and (3) the shape of the ninth sternite m the male These structures are 
shown in Text-figures 4 and 6 

The following is a key to the identification of the females of the three Indian 
species of Xenopsylla — 

1 Head of spermatheca much broader than body (Text- 

figure 7c) X braathenstt 



Text fiotjre i — Spermatheca of three species of 
Xenopsylla (a):E cheopts, (h) X nsha, {c) X brasthensts 
(camera luoida x 190) 

Hoad of spermatheca short, bodv much Iiroadcr than 
head 
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2 Tail of spermatheca short , body much broader than head 

(Te\t figure 76) X ojfia 

Tail of spermatheca longer , body only slightly broader 
- than head (Text-figure 7a) X eheopts 

The spermatheca are illustrated in PJate XXVI, figs 4, 6 and 6 

The males could be diflferentiated by the shape of the ninth stemite (st tx ) and 
of the antepygidial bristle (o py hr ) The following is a key to the identification 
of thd males of Xenopsylla (Text-figuies 8, 9 and 10, and Plate XXVII, figs 1,2 
and 3) — 

1 Antepygidial bristle situated on a projecting conical 

pedicle (Text figure S) X brasihensts 

Antepygidial bristle sessile mthout a projecting pedicle ^ 

2 Ninth stermto club shaped (Text-figure 9) X eheopts 

Nintli stemite ribbon shaped or attenuated (Text-figure 

10) X aslta 



Distbibution * X astia occurs all over India and it is particulail}' 
the plams It is less frequent m temperate zones and m elevated frequent ^ 
occurs prmcipally m temperate and elevated parts of India and is ies ’ -jjej-ous 
the plams In India X hasihensis is widely distiibuted, but it is not 
as the other two species 
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4, 5 


and C, and Plate XXAdll, 


Leptopsylla. 

(Text-figine 11, Plate XXVII, figs 

figs 1, 2 and 3 ) 

This genus has several characteristic features (1) eyes arc v'antmg, (2) the 
head is pointed anteriorly, (3) the gcnal margin is nearly vertical, while m other 
genera it is hoiizontal, (4) genal comb is present, the number of spines on thecomb 
in the Indian species being foui or less, and (5) the pronotal comb is A\ell developed 
(Text-figure 11) This genus is represented in India by two species L segms 
Schoen and L Inmalaica Roths They can be differentiated by the number of 



TEXT-FiauiiE 11 — Head and pro tlioracio segment 
of Lcptoptylla (camera lucida x 100) (A) L seffiits and 
(B) L Inmdlaica <j c gcnal comb, p c pronotal comb 


spines on the genal comb and the presence of spines at the anterior ang e o 
head (Text-figure 11) In L segms, there are four teeth on the gena 
there are two short spines close to the anterior angle of the head (Plate u ^ > 

figs 4, 5 and 6), while m L himalaica, the genal comb consists firrs b 2 

and there are no spines at the anterior angle of uhe head (Plate ^ jpjia 

and 3) These two species are confined to the temperate ® j 

L himalaica has been recorded from the Himalayas, the Palm -H. s 
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Travancore Hills and L segms from Nortt India and from tlie lulls of South 
India 

Ctenocephalides 

{Tc\t-figuie 2, Plate XXVIII, figs 4., 5 and 6) 

The characteristic of this genus is the presence of genal and pronotal combs, 
and in the species of this genus found m India the genal comb has eight teeth 
This genus is represented in India by three forms, namely, C cams Curtis, C fehs 
Bouche and C fehs subsp onentis Jordan They occur on a variety of hosts 
and are frequently observed on rats It must not be presumed that specimens 
of Ctenocephalides caught ofi dogs arc C cams or that those caught off cats 
are G fehs The identification of the tliree forms is not easy and for a correct 
determmation it is advisable to submit the specimens to an expert A key is 
furnished below for the identification of the three forms of Ctenocephalides 
occurring on rats m India — 

1 Most anterior genal spine much smaller than the one next 

to it , hind tibia usually with seven dorsal notches , 
abdominal stigmata 2 to 7, larger than socket o£ 
antopjgidial hnstle 0 cams 

Most anterior genal spine nearly as strong as the one next 
to it , hind tibia m ith 6 dorsal notches , abdominal stig 

mita 2 to 7 smaller than socket of antepjgidial bristle 2 

2 Frons elongate and pointed at anterior end C fdis 

Frons short and broadly rounded anteriorly 0 fehs subsp erientfs 

C fehs oitentis is the commonest form of Ctenocephalides occaxTJng in India 
and IS widely distributed C fehs is less common in India and occurs on the 
plains G cams is not common and occurs in temperate areas and on hills 


Ceratophyllus (Nosopsyllus) 

(Plate XXIX, figs 1, 2, 3, 5 and 6 ) , 

The genus Ceratophyllus has recently been split up into several genera and 
the species occurring on rats in India fall under the genus Nosopsyllus The 
characteristics of this genus are (1) presence of pronotal comb (Plate XXIX, fig 3) 
(2) absence of the genal comb, (3) presence of three antepygidial bristles one of 
which IS considerably reduced in the male (Plate XXIX, figs 5 and 6), and (4) the 
pygidium with a flat dorsal margin Eight species of Ceiaiopihylhis {Nosopsyllus) 
have been recorded from India, uameh% N mlginensis J and R , N punjabensis 
J and E, , N ianulanus J and R , N smla J and R , N arcolus J andR , 
N argutus J and R , N alladinis Roths , and N punensis J and R All these 
species are very closel) allied to one another and require expert knowledge for 
differentiation 


Stivalius 

(Plate XXIX, figs 4 and 7 ) 

This genus Ins the following characteristics (1) presence of a well-developed 
pronotal comb, (2) absence of a genal comb, (3) presence of three antepygiLl 
bnt,tles m the female and two in the male, and (4) dorsal marmn nf 
pjgidium strongly convex (Plate XXIX, figs 4 and 7) Three 


margin of 
species of 
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Sttvahus occur in India, namely, S aponts J and 'R , S fennns Kotlis, and 
S ahalcB Roths The commonest species is Stivahus aJialw 

The identification of the different species of StivahUs and CeratopJiylhs is 
by no means easy and ■’specimens are best sent to the expert on the group 
for determmation Both the genera are confined to the hilly and temperate 
parts of India Stivahus is fairly common at elevatioos over 1,600 feet 
above sea-level It may rarely occur at elevations of 1,000 feet but not lower 
than that level 

The writer is much indebted to Dr Karl Jordan, f e s , for kind criticism of 
the article 
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WAVES OE RHYTHMIC CONTRACTIONS AND RELAXATIONS 
IN THE PERFUSION PRESSURE TRACINGS OF THE 
BLOOD VESSELS OP THE FROG {RAN A TIGRINA), 

MHTH SPECIAL REFERENCE TO THE ACTION 
OF ADRENALINE, ERGOTOXINE, 

PITUITRIN, BARIUM CHLORIDE, 

JANUS GREEN AND 
EPHEDRINE 

BY 

S A RAHMAN, 

AND 

R N ABHYANKAR 

{From the Department of Physiology, Osmama Umiersity Medical 
College, Hyderabad, Deccan ) 

[Received for pubhoation, October 22, 1934 ] 

Waves of contraction and relaxation were found by McDowall (1921) to occur 
frequently in young and robust rabbits and cats during perfusion of the pulmonary 
circulation with Ringer-Locke fluid (without bicarbonate) The waves were not 
always regular and in different animals varied from one or two to ten per minute 
Pituitary extract and adrenaline stimulated the effect Such waves were also 
found by him in the systemic circulation 

Similar waves in the perfusion pressure tracings were observed in the case of 
rabbits by Sharpey-Schafer and Lim (1919) as a result of the action of adrenaline 
These waves were obtamed in the case of only some of the fifty-eight perfusion 
experiments performed by them Cow (1911), m his experiments on the action of 
adrenaline on arterial rmgs, occasionally obtained rhythmic contractions of the 
rmgs which showed themselves as waves upon the mam curve of contraction 


» Papar read at the 22od Session of the Indian Science Congress, Calcutta Jannaiy 1936 

( 687 ) 
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Similar rliytlimic conti actions were recorded by A J Campbell (1911) as 
occurring in both tlie pulmonary and the systemic arteries of cat and dog 

Doubt has been cast on tlie interpretation of these results by the work of 
Ettinger (1932ff) wlio, using similar apparatus to that used by Campbell, Sharpey 
Scbafer and Lim, and McDowall, found similar rhythmic waves in the perfusion 
pressure tracings These waves were, however, produced artificially, for vken 
the perfusion apparatus was used without the animal, the inflow cannula beini’ 
connected directly with the outflow, identical rhythmic waves appeared on the 
record These waves were found to be caused by bubbles of air travelling through 
the glass spirals through wdiich the perfusion fluid was conducted 

By employing a slightly modifled technique, we have found that waves of 
rhythmic contractions and relaxations are alw^ays present in the perfusion 
pressure tracings of the vascular system of the frog Altogether seventy-five 
frogs were used in our experiments 


Method 

The outlets of two bottles of convenient sizes were connected to the two upper 
limbs of a Y-tube by means of pressure rubber-tubing The larger of the tvo 
bottles wras filled w'lth Bayliss’ solution (Bayliss, 1924) wuthout glucose The 
solution was made in tap water which was found by us (Rahman and Ahhyankar, 
1932) to be better than distilled water for perfusion experiments on the frog’s heart 
The pH of the solution was found to be 8 0 The smaller bottle was filled with a 
solution of the drug (made in Bayliss’ solution) the efiect of whose perfusion was to 
be investigated Arrangements were made to stop the floAV from any of these 
bottles when not required All solutions were filtered through thick filter-paper 
before use The third limb of the Y-tube was connected to a T-tube by means of a 
short soft rubber-tubing, the flow through which was regulated by means of a screw 
clamp The other two limbs of the T-tube were connected , one with the perfusion 
cannula by means of soft rubber-tubing, and the other, by means of pressure tubingi 
to a water manometer of five-millimetre bore and to a membrane manometer whic i 
recorded on a slowly moving drum 

The experiments were performed on the big Indian frogs {Rana hgnna) weighing 
on an average 0 3 kilo The frogs were killed by pithing The heart was exposed 
A ligature was applied to the right branch of the truncus arteriosus and also to e 
left branch close to the heart A cut was made into the left branch distal to 
ligature and the perfusion cannula was introduced in such a maimer as to rcacn 
the middle compartment of the artery The size of the cannula was of som^ 
importance , it W'as as large as could safely be inserted The perfusion fluid wa^ 
allowed to escape through another cannula mserted into the ventricle tluough a s 
at the apex and was delivered into the cup of a Condon’s magnetic tipper win 
registered each fill of the cup by an electromagnetic signal 

Arrangements were made to keep the pressure levels in the 
equal and constant, being about 30 centimetres higher than the position of tlie 
The fluid from the larger bottle was then allowed to flow through the frog s 
and the screw clamp, already mentioned, was gradually tightened The re 
this was to impede the free flow of the fluid from the perfusion bottle wi 
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consequent fall of tlie level m tlie water manometer The screw clamp v as tightened 
only so far as to bring the level of the fluid m the manometer 15 cm above the 
position of the frog The level m the water manometer indicated the pressure with 
which the fluid entered the perfusion cannula The introduction of the screw 
clamp made the mechanism highly sensitive to any alteration of flow through the 
vessels of the frog Any change in the rate of flow was registered on the drum by 
the alteration m the level of the writing point of the lever of the membrane manometer 
and also, less accurately, by the alteration m the rate of outflow into the cup of the 
Condon’s magnetic tipper That the resistance to the flow of the fluid was offered 
actually by the blood vessels and not by the perfusion cannula was ascertained on 
several occasions by cutting the dorsal aorta which resulted in the sudden fall of the 
level m the water manometer 


Perfusion loith Bayhss’ solution 

Tracings obtained on perfusion with Bayhss’ solution is this manner always 
showed a wavy character (Text-figure 1) The waves were undoubtedly caused by 
rh3i;hmio contractions either of the blood vessels or of the viscera, since when the 
perfusion cannula was connected directly with the outflow cannula and the resistance 
to the outflow adjusted to be the same as was offered by the blood vessels of the 
frog, the writing lever recorded a perfectly straight horizontal line 

The waves averaged about two to three per minute, the biggest waves 
corresponding to a pressure difference of about 0 5 cm of water The rhythmic 
contractions of the blood vessels, in case the waves were taken to be caused by the 
contractions of the blood vessels, could only be myogenic m origin, smce they 
were still present after the sympathetic constrictor endings were paralysed by 
perfusing the vessels with a solution of ergotoxine 

More marked waves were obtained when the perfusion was made through the 
vessels of the hind limbs only, the perfusion cannula having been introduced into the 
dorsal aorta just above its bifurcation and the fluid drained out through the anterior 
abdominal vein, the renal portal veins having been ligatured These waves were 
more uniform m shape and were characterized by sudden rise, amounting usually 
to a pressure difference of 1 0 cm or more, followed by a sudden fall, which gave 
the peaks of the waves a pointed appearance 


Perfusion with adrenaline 

The effect of this drug was studied by injecting 1 0 c c of a 0 002 per cent 
solution of adrenaline chloride (Parke Davis and Co ) into the rubber-tubing 
attached to the perfusion cannula The drug became further diluted by mixing with 
the perfusion fluid, the amount of dilution depending on the rate of flow Twenty 
frogs were used for this purpose The injection of adrenaline always caused -n 
i^ediate and sharp rise in the tracmg with a tendency for the waves to hpof^^^P 


Petfnsion of the vessels vith solutions of different dilutions of adrenahne vw 
one in a hundred thousand, one in a milbon, and one in ten millions gave 
results , there was an immediate rise of the wntmg point of the lever with th 
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obliteration of tbe waves and these remained obliterated so longas the writing point 
remained high After a short time, however, the pressure began to fall, althougL 
the perfusion with the adrenaline solution was continued As the pressure fell tic 
waves began to reappear (Text-figure 1) This was seen m the case of all the four 
experiments performed 

That the action of adrenalme in obliteratmg^the waves is mdependent of its 
constrictor action on the blood vessels is shown by the fact that, after ergotoxme 



Tbxt-figttre I — Perfusion through the systemic vessels of frog^ 
Up to the mark a, the vessels were perfused with the Bayliss 
solution The tracing shows a well-marked wavy character 
At a, the perfusion with the adrenaline solution (1/1,000,000) was 
started and was continued throughout the rest of the experiment 
The pressure rose from 15 6 cm to a maximum of 25 6 cm It 
was maintained at this level for a short period and then began 
to fall At the same tipie the waves were obliterated Thev 
began to reappear at the lower portion of the decline 0 = output 
record, each mark indicating See T = time in i minutes 


perfusion, adrenaline in) ection loses its pressor action, but its action of obbterat 
the waves is retained (Text-figure 4) 

The cause of the gradual fall in pressure could not be explained, 
outflow also increased simultaneously, it was evident that the fall of 
due to the dilatation of the vessels Why the vessels should been due to 

continuous perfusion with adrenaline was net evident It might , sli 2 hfe‘'t 
the fatigue of the vessels,^ though the vessels responded sharply to ^bat 

increase in the concentration of the adrenaline solution ' IMS jnig 

the vessels respond only to any sudden change m the strength of 
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develop a tacliyplaj- lactic reaction to a contmnons perfusion witli solution of a 
constant strength 

Thus the effect of adrenaline is to obliterate the waves This is in marked 
contrast to the results obtained by Sharpcy-Sthafer and Lim (i!oc cit ) who found 
such waves In the pulmonary pressure tracings, in the case of some of their rabbits, 
only as a result of adrenaline injection 


Perfusion with barium chloride 

One c c of 1 0 per cent barium chloride solution was injected as before 
in the case of ten frogs In all the cases there was a marked rise in the tracing, the 



Text eiqtjbb 2 — Perfusion through the systemic 
vessels o£ frog Up to the mark J5, the vessels viete 
periused ivith the Bayliss solution At B, the 
perfusion witli the 1 in 2,000 solution of harinm 
chloride was started The tracing shows an 
exaggeration of the waves mamfest at the top of 
the tracing 0 = output record, each mark indi 
eating See T = time m i minutes 


characteristic feature being a definite exaggeration in the amplitude of the waves 
This became still mora m inifest when the vessels were perfused with a 1 m 2 000 
solution of barium chloride (Text-figure 2) ’ 

Barium chloride acts directly on the arterial muscle This was shown bv 
Dixon and Halliburton (1910) and by Cow (he cit ) In the case of eight of om 
experiments we found that paralysing the sjunpathetic constrictor did notmterfere 
a ith the action of barium chloride The vessels w ere perfused with a 0 1 per cent 
J, MR ^ ^ 
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solution of ergotosine foi fifteen minutes Subsequent injection of aclrenaliDc 
had no pressoi effect, Avheicas tlic injection of barium chloride solution resulted 
m a marked rise of the lever with the exaggeiation of the waves 

Text-figure 3 shows the result of perfusion with a weak solution of baiium 
chloride (1/10,000) through the vessels of the hind limbs Up to the mark BP, tlie 
vessels were perfused with Bayliss’ solution only The tracing shows the ii^d 
waves At BP, perfusion with the baiium chloride solution was started The 
solution was so dilute that there was only a slight rise in pressure The wes, 



Text FiatTEE 3 — Perfusion through the 
vessels of the hind limbs of frog Up to the 
mark BP, the vessels were perfused with the 
Baybss’ solution The tracing shows the usual 
waves At BP, the perfusion with a dilute 
solution of banum ohlonde was started, result- 
ing in a slight nse of pressure but a well- 
marked exaggeration of waves O = output, 
each mark representmg 8 c c T = time in 
i nunutes 


however, became definitely exaggerated both in amplitude and frequency 
effect was seen in all the five perfusion experiments performed 


Perfusion ivith ergotoxine and epJiednne 

The effect of ergotoxine was tried in nine of the experiments In 
the effect showed itself by a rise in the perfusion pressure The effect on 
was a remarkable increase in amplitude as well as in frequency 

Text-figure 4 shows the effect of the perfusion of the vessels of 
of frog with a 0 002 per cent solution' of ergotoxine ethane sulphona ^ gjjjpjjtude 
Wellcome and Company) The waves are seen to be frequent and t ® ^ TJic 

increased At a, 1 c c of 0 002 per cent adrenaline solution was i J 
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perfusion pressure, instead of rising steeply, actually fell, proving that the vaso* 
constrictor nerve-cndmgs were paralysed with ergotoxine The tracing also brings 
out clearly the obliterating effect of adrenaline on the waves The waves, however, 
begin to reappear after the effect of adrenaline is worn off At aj, the perfusion 
with 0 1 per cent ephednne (British Drug Houses, Limited) was started, resulting 
in a considerable rise of pressure and an increase in the frequency of the waves 
Such rise of pressure was also seen in the cases where the vessels were perfused 
with a solution containing both ergotoxine and ephednne 



Tfxt noTiEB 4 — PeitusloB through the vessels of the hind hmba of frog TJp to 
the mark a, the vessels were perfused -with a 0 002 per cent solution of eigotoxjne 
ethane sulphonate The tracing shows well marked waves At 1 c c adrenaline 
(1/60,000) was injected At o, the perfusion with ephednne (1/1 000) was started, 
resulting m the nse of pressure and the increase m the frequency of the waves 


Ephednne, therefore, acts directly on the muscle fibres of the blood vessels 
and, in this respect, its action is different from that of adrenaline These results 
are in conformitv with those obtained by de Eds and Butt (1927) 


Perfuston mth pituitnn 

This drug also acts directlv on the musculature of the blood vessels as its effect 
IS maintained after the sympathetic constrictor endings are paralysed bv ergotoxine 
perfusion This was seen, to be the case in one of out experiments 
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The efiecfc of pituitrin perfusion on the perfusion waves was variable Intho e 
experiments m which the fluid entcicd thioiigh the aortic arch, there was hardly 
any efiect on the waves In the cxpeiimcnts w here only the hind limhs were perfused 
the effect was to increase the, frequency of the waves in the initial stages without, 
however, any tendency to exaggeiatc their amplitude (Text-figure 5) 



Text-otgueeJS — Perfusion through the vessels of tho hmd limbs of frog 
The waves are well marked At pp, the iierfusion with a’O 3 per cent solntion 
of pituitnn (Bengal Chemical & Pharmaceutical Works, Ltd ) was started There 
was a rise m pressure and mcrease in the frequency of the waves T = time 
in ^ mmutes, 


Perfusion with Janus green 

The pressor action of this drug was discovered by accident by Ettinger 
(19326) The Janus green used by him was Janus green B (Hoechst), Janus gre 
G (ISoechst) and Janus green B (Grubler) There was no difference m their 
in the experiments carried out by him Dr G Grubler & Co ’s Janus 
used in our experiments on ten frogs An injection of one c c of 0 01 P^r 
solution had no effect The pressor action could still be obtained after the 
pathetic pressor endings were paralysed by perfusion with a solution of ergo 
Here the action of Janus green resembled that of barium chloride with the 
however, that there was no appreciable alteration in the character of the wa 
the tracing 

A second injection of Janus green, after the lever had come down ^ pot 
position, was followed by a similar rise in the tracing The dilator enec 
present, nor was the tachyphylactic effect manifest as described hy j ^ 
(19326) The perfusion with a 0 01 per cent solution of Janus green 


S. A Rahman and R N AhJiyankar. 


695 


gradual rise of tke lever, the vaso-constrictiou lasting all the tune the perfusion was 
kept up (half an hour or more), tdl the results were complicated by oedema 

A 0 002 per cent solution of Janus green caused a small rise in the tracing 
which kept up as long as the perfusion was continued Altogether five perfusion 
experiments were performed with Janus green with the same results These results 
were entirely at variance with those obtained by Ettmger who found that the 
perfusion with a solution of Janus green (1/10,000) caused a transient constriction 
followed by an increased rate of flow which might be as much as fivefold 

These difierences in the result might be due to the diflerent brand of Janus 
green used by us 

SuMMAET 

A method is described by which the recording system becomes highly sensitive 
to the changes of pressure in the perfusion fluid 

In some of the experiments the perfusion fluid was made to enter the left 
systemac arch and, after having passed through the vascular system, was allowed to 
escape through a cut at the apex of the ventricle In the other experiments the 
posterior extremities alone were perfused, the fluid entering the abdominal aorta 
and, after passing through the vessels of the legs, escaping through the anterior 
abdominal vein In both the cases the perfusion pressure tracings showed a wavy 
character 

On the face of it, the waves seem to be caused by the rhythmic contractions 
and relaxations of the blood vessels of the frog But other influences such as 
movements of the viscera are also discussed as possible factors in causing the waves, 
or m modifying their character These points are still under investigation 

Adrenaline tends to ohhteiate the waves, ergotoxine, barium chloride and 
ephednne exaggerate the waves, whereas Janus green has no effect on them The 
action of pituitrin is variable The nature of the action of some of these drugs is 
also discussed 
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[Received ior publication, November 13, 1984 ] 

After the report by Bang (1902) on arsenical poisoning, Chapman (1926) has 
collected the available references and made a further stndy^on arsemc-content 
of various Bngbsh food-materials Heller (1928) has collected no less than 62 
references concerning various methods of arsenic determination More recently 
Gangl and Sanchez (1934) have described a method of its estimation by dissolvmg 
the arsemc-nurror in lodme-monochloride and titratmg the liberated iodine in 
presence of cyamde and HCl (1 1), with lodate solution 

Since the discovery of arsemo in food-stuffs, the whole chemico-legal aspect 
of accurately judging the suspected cases of arsenic poisoning has been rendered 
disputable 

A small amount of arsenic is known to have a stimulatmg efiect on the 
growth of plants (Stewart, 1922) and animals, and moreover food-stuffs, such 
as sea fishes, prawns, etc , having a high arsemc-content, can be consumed with 
impumty without the least fear of atsemcal poisoning It appears, therefore, that 
the organo-arsenic-complexes in these and other similar materials are present m 
less toxic or in harmless form Again, La Wall and Harrison (1934) have shown 
that cartilaginous substances are known whose arsemc-content is greater than the 
olerance for arsenic m food-products It is apparent, therefore, that the total 
rsenic-content can never be accepted as a true measure of toxicity , the manner 
* arsemc is present m combination and its ioxmty should also be 
investigated simultaneously 

present investigation an attempt to ascertain the arsemc-content of 
‘ us Indian food-stuffs has been made by Chapman’s simple method 

in cylmders was not available, therefore it had tn Rp 
“'■ i ''“i « of hydrogen eo pSpSed oidv 

b^moM d” fffr'*'”” r", Chapman’s methol hadfaSL li 

y„. died, effecting considerable economy of hvdrogen, thus makinv fiO n-r 
detemmations possible rritl, the same sn/ply of hydrogen ® ® 

«.th *V", ^ “Stopper 

, noies, the nist containing the livdiowen-inlet, fTTl +i.„ Rper 
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Procedure — Connect M witli the reservoir CR]) Put 7 to 8 grammes of arsenic 
free zinc into the test-tube and let in distilled water from Ki until the test-tube is 
completely filled with water Turn off T Now, D is closed and H connected 
with the gas-holder Disconnect hi and let in hydrogen slowly when the wter 
IS all forced out, screw up S Open T, the water in the stem is pushed up clue to 
the pressure exerted by hydrogen Close T, pipette the water off from the cup 
(C) and put a few c c HCl (50 to 70 per cent) into it Now open D and force tbe 



water out of D and connect the CaCl 2 tube (5 in X f m.) which is m 
connected with the mirror-tube (see Text-figure) The body of the mirror- n 
about 3 mches and the capillary, 6 mohes long 

The reservoir (Rs) serves as a constant dropping arrangement of water, 
pad of cotton, placed ^ inch away from the constricted neck 
which IS heated by a Bunsen-flame placed below^ This constant water- Pi o 
arrangement serves as a condenser for arsenic and is essential 


A G. Bose. 
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Pass a slow current of hydrogen from the gas-holder for one minute Light the 
hydrogen at the tip of the capillary tube which is kept burning during the experiment 
with an I inch flame Drop m HCl (50 to 70 per cent) from 0 and lun a blank 
for 6 minutes to test the purity of the chemicals used, which is indicated by the 
absence of any stain of arsenic The food-digest is now transferred into 0 and 
the experiment is run for 20 to 25 minutes dropping nearly 1 c c to 2 c c of the 
digest at a time, followed by a few c c of HCl (50 to 70 per cent) to keep up the 
hydrogen flame at ^ inch during the course of the experiment After the expiry 
of the requisite time, T is opened Seal the distal end first and then the proximal 
end, taking care not to heat the arsemc-mirror which gets diffused if heated These 
mirrors were compared with standard ones, obtained from various strength of 
0 1 per cent of AS 2 O 3 solution, on dilution 

Digestion of food-materials was carried out by the wet combustion method of 
Eamberg on 10 grammes of material Ten c c of HNO 3 (Sp Gr 1 4) were added, 
followed by 5 c c of concentrated H 2 SO 4 The mixture was allowed to stay over- 
mght Tins pre-digestion has been found by the author to make further oxidization 
quicker than otherwise The final digest (5 c c ), after ammonium oxalate 
treatment, was diluted with See water, cooled and made up to 15 c c or 20 c c 
with concentrated HCl 

With food-stufis contaimng higher percentages of arsemc an aliquot part was 
used for the estimation and results calculated accordmgly 

The following samples of Indian food-materials were analysed m duplicates and 
quadruplicates whenever necessary with the following results — 




Indian whitings (lady’s finger) 

OOIO 

gram 

per 

lb 

Sea fish (Pan) 

Sprats (Jhadung) 

0 021 

ti 




[ 

3 

Chilka fish 

0 018 


»♦ 

>> 


1 

' 4 

Hilsha fisli 

0 035 


It 


River fish 


6 

Lobster 

0 025 

>» 




1 

1 6 

Rohit fish (Gftda) 

0 004 


»> 

»» 


1 

r 7 

Plesh 

0 004 

tt 



Goat 


^ 8 

Liver (0 0 04G 

(infected \\ 


1 

I 9 

\ii) 0 006 

gram 

per 

Ih 


1 

Kidney 

0 019 


It 



j 

[ 10 

Flesh 

0 008 
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Cow 



Liver 

0 018 




1 

i 12 

Kidney 

a trace 





n 

Chicken 

a trace 





14 

Mohna (flower) 

0 004 


99 

99 



ri6 

Lentils 






1 

16 

Arhar 





Cereals 


! 17 

Mnng 






18 

Wheat (atta) 







19 

Floor (maida) 







20 

Rice (atap, washed and dried) 

■ a trace 







Potato 





Vegetables 


1 22 

1 23 

Brinjal 

Potol 







124 

Jhinga ^ 
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In conclusion, I beg to tbank tbe Director of Public Health, Bihar and Oils'll 
for his kind permission to carry on this work in his laboratories 


Bang (1902) 
Chapman (1926) 
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In exammmg the mtestiual contents of geckoes in order to obtain material 
for students to study, we have come across three species of Eimeria and one of 
Isospora, which we may here describe The lizards m question weie kindly 
identified for us by Dr Baini Prashad, dsc,fbse,fasb, Director, Zoological 
Survey of India, Calcutta, as Hemidactylus jlavvvmdis (Euppell) Unfortunately 
we have seen onlv the sporogony cycle in all four species , and although sections 
of the gut and liver were cut and examined in every instance, we have not seen 
the schizogony cycle 

Eimeria, species A — The oocyst of this species is shown in Plate XXX, 
figs 1 to 6 and in figs 15 and 16 It is almost spherical in shape Fifty 
oocysts were measured with the ocular micrometer and gave the foEowing 
figures — 

smallest 15 S/i X 13 

mean 18 02il86]p,x 16 15 ± 1 819/i, 

largest 21 2ft X 20 4ft 

In other words the oocysts ranged in size from 16 to 20 microns in length 
by 14 to 18 microns in breadth The infection was very abundant in one hzard 
and all phases up to the mature oocyst with four sporocysts, each contaimntt two 
sporozoites, were observed m the gut contents The sporocysts show no° can 
such as that described by Triffib (1925) m Eimena pylhoms, and no micronile was 
Visible in the oocysts ^ 

( 701 ) 



Explanation of Plate XXX 


Figs 

99 


99 

Fig 


Camera-lucida dratvings of the oocysts 


1—5 

Eimena, species A 

6—9 

Eimena, species B 

10—13 

Eimena, species 0 

U 

Isospora sp 


Photomicrographs of the oocysts 

Figs 16 and 16 Oocysts of Eimena, species A, showing sporoblastic masses 
Fig 17 Oocyst of Eimena, species B, with four -well-differentjate 

sporoblasts 

Figs 18 and 19 Oocysts of Eimena, species C Fig 18 shows a single mass 
of protoplasm Fig 19 shows four sporoblasts lying on different planes 
(Lower magnification ) 

Fig. 20 Oocyst of Isospora sp , showing two typical sporoblasts 
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Oocctdio, of T/izcit(1s 


prep“ lor'"''’'””'"' “P"’’®""-'’ <olhwo,l ..p „ u,.,st chrni,, 

DlbCVSSlON 

several tlie papers puUiAed o^Sie subKet^.1 Tl!” »”J'>rtimateli 

not available anW^e m India n.fd ' 1 *° *'■'= '“‘W “1™ 

indebted to Captain E L Shenmrd circumstances we are very deeph 

Tropical Diseases, London to^Iiss tlie Bureau of Hygiene and 

Scientific Eeseaich , and to Dr CpoiI W of the Wellcome Bureau of 

this literature for us and for detailS f o«t 

work on this subject ifgn^n in"^^^^^^ ^ of the prewoiis 

described a speSL^of 

Elmer’s paper is based on tJiP ^'ois ever, appears to be a mistake 

mention of anv lizard Tlie mi i- i ^ organisms in three mice, and there is no 

Here, on p 70, he sives n ipforrn « 4 . bible of the ‘ sporozoologist ’ 

Elmer’s work, whereas Eimer him^pl/'^ ^ species of Laceria in connection with 
mice in whmh TocciLaTnd ^ «ther than 

Iwrd From Labbl (te o 1 77''’ “o ronton of . 

later literature ' “ "PP™* ^ l”"’e been copiea into tk 

from a sp^clos of iacito ® described anFwce™ 

Catalogue of Medical and'Vetenilaut Zo^lnll andHassall (Mex- 

deals with malaria A naner bv Win i ^ 

British Museum, and weSe receivpJ ^i m the 

Bureau of Hygiene and Tromnn 1 Tl det^Jed abstract from the original from the 
before it wasS to CalcS Id wf 

kidney and liver referred to bv T) i opinion tliat the cysts from the 

hgemogregarines which he wt^T eif cwsky are merely the mature schizonts of the 
very carefully through th b^t studying m the "blood of some lizards On reading 

eveWere oolS^S fe strX:; Xeb ^“1°” v 

but he makes no mention of a coomdmm at all ‘‘‘’"“'’“S ‘'“o 

/ri^ili^w’ith oocyffa 

this paper in the original in India ir>d tieen unable to secure 

London ^ j^ms not been unearthed m 

brTs ”^ris 

were also seen in fresh preparations j -r 

Phisalix (1923) has described an Eimeria—E scinci—irotn the lizard Smeus 
offmnahs This paper we have also seen m the original The schizogonylcyde 
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occurs lu the biliary ducts in the liver and in the gall-bladder , in the case of adult 
lizards only the sporogony cycle is seen, the schizogony cycle having apparently 
died out (This may explain our want of success in seeking for the schizogony 
cycle ) The mature oocysts are ellipsoidal, measuring 36/t by 25fi [not 32/i by 
26/t as stated by TrijEt [loc cit ) This is probably a misprint which has been 
copied in Wenyon’s ‘ Protozoology ’] 

Recently Setna (loo cit ) has described an Evmeria in the gall-bladder of Hemi- 
dactylus fiavtviridt!) He states that all stages of development occur in the columnar 
cells of the gall-bladder , the mature oocysts are oval, measuring 24 fi to Mfi in 
length by llg to 14g in breadth The sporocysts measure 9/x by 7/^ He does not 
name the parasite, or discuss the literature The dimensions of this parasite are 
larger than those of our ‘species B’, but they appear to correspond with the 
occasionel giant forms of tlie latter 

The above information is admittedl)' not complete, but it is all that is available 
If we turn to the three species of Eimena w'hieh we have described above in Heim- 
daciylus fiaviviridts, ‘ species A ’ may correspond to Emeria railheH Leger, 1899 , 
but in the absence of detailed information it is impossible to make ceitain ‘ Species 
B ’ appears to correspond fairly w^ell to Emiena aganiw Laveran and Petit, 1910 
Unfortunately we have not been able to see the schizogony cycle of ‘ species B so 
cannot make certain on this point 

‘ Species C ’ appears to be new The curious lemon-like shape of the oocysts 
and the fact that many of them are bile-stamed clearly differentiate it from the 
species already described For this parasite we suggest the name Etmena henn- 
dactyli nov sp 

With regard to the genus Isospora, Hageumuller (1898) has described a species 
— I camillern — ^from the lizard Gongylus ocellalus (now Chalcides bedngee) The 
oocysts (called ‘ sporokystes ’ by the author) measure 22p in diameter, are spherical 
and with a double contoured wall Each, when fully deyeloped, contains two oyal 
sporocysts (called by the author ‘ spores ’) with dissimilar poles, without any residual 
body One pole of the sporocyst is drawn out into a very short ‘ neck ’ with a 
thickemng at the end , the opposite pole is rounded The sporocyst measures 18g 
X 12[i, contains four sporozoites arranged spirally, and a sporocystic residue, which 
15 represented by a few granules and is sometimes absent The author names this 
parasite Diplospora carmlleni, but it should of course be Isospora camillem There 
are no illustrations to his article 

Sergent, Ed (1902), has described I mesnih from Camosleon mlgans , this 
parasitizes the nuclei of the intestmal epithelium, whilst the oocysts were about 
30gin length, and the sporocysts 16g by lO/i Wenyon (1926, 2, p 826) mentions 
having found an Isospora m the liver and intestine of Agama colonorum in the 
Sudan, but gives no further details He also states that Adler had found an Isospora 
in the lizard Varanus gnseus m Palestine , this develops in the sub-epithebal 
tissues of the small intestine 

The Isospora which we have found in Eermdactylus flavimndis appears to have 
a smaller oocyst than Isospora mesmh Sergent, 1902 , but the amount of material 
at our disposal was so scanty that we prefer not to give a specific name to the 
parasite which we have encountered 
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Whilst esamming tlie intestinal contents of geckoes in order to obtain 
material for students to study, rve have come across an interesting entamoeba in 
3emidactylus flavivindis This infection is not very common, as it was seen in 
only two out of about thirty lizards examined 

Cultures were taken in the media used by Barret and Smith, Cleveland 
and Sanders, and DobeU and Laidlaw’s HSre S medium, and kept at room 
temperature In these the organism multiplies very slowly, but a fair growth is 
obtained about two weeks after inoculating the media 

In the motile trophozoite phase, the entamoeba is actively motile, and closely 
resembles Entamceba histolytica of man It changes its locality rapidly and soon 
travels out of the microscope field About one-third of the animal consists of clear 
wtoplasin The direction of movement is not more or less in a straight line as with 
E Inslolytica but variable, the pseudopodia being pushed out first in one direction, 
then in another, then in a third There is a flowing movement of the whole animal 
m locomotion rather than the extrusion of ectoplasm only The amoeba is a vora- 
cious feeder, ingesting bacteria and the like , and in culture it feeds avidly on 
starch grams 

The nucleus very closely resembles that of E histolytica, and is invisible in the 
fresh preparation m saline In iodine and in films fixed by Schaudinn’s fixative and 
stained by iron-hsematoxylin, it is seen that there is a verv thin uniform deposit of 
peripheral ’ chromatin on the inner aspect of the nuclear membrane, and a fine 
central karyosome, the space between the peripheral chromatin and the karyosome 
Slug free from chromatin The nucleus is thus typical of the genus Entamasha 

( 709 ) 



Explanation of Plate XXXI 


Camera-lucida draivings of the entamceba in 1 per cent iodine solution 
Figs 1 — 10 Trophozoites, some with ingested starch granules 

„ 11 and 12 Trophozoites undergoing division 

„ 13 — 18 Cysts with varying number of nuclei Fig 18 shows a cyst wit 

ten nuclei 

Photomicrographs of the entamceba in culture in 1 per cent iodine solution 
Fig 19 Trophozoites with nucleus showing a central karyosome The amcehffi hftvo 
ingested starch granules from the medium 
(Leitz Ob] Oc 6 x) 

„ 20 Cyst with SIX nuclei lying on different planes 
(Leitz Ob] Oc 5 X ) 

Figs 21 and 22 Trophozoite and cyst respectively 

(Leitz Ob] I, Oc 10 X ) 
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Fiftv-si'c individuals m tlie tiopliozoite phase which had more or less rounded 
up were measured with the ocular micrometer, and gave the following results — 

smallest 28 O/j, 

, mean 32 2/n 

largest 38 

Plate XXXI, figs 1 to 12, shows the appearance of the trophozoite phase as 
seen in 1 per cent iodine emulsion, drawn with the camera lucida The ingestion of 
starch grams is well seen m Figs 6 to 12, whilst Fig 11 shows an individual 
undergoing division Figs 19 and 21, Plate XXXI, also illustrate the motile, 
trophozoite phase 

Occasionally the organism encysts in Dobell and Laidlaw’s medium, whilst 
cysts were also present in the lizards’ gut contents These are illustrated in 
Figs 13 to 18 and in Figs 20 and 22 of Plate XXXI The cyst closely 
resembles that of Entamosba coli of man, and has the same ‘ beaded ’, almost 
granular appearance — especially when seen in the iodine preparation The early 
cysts possess a large mass of glycogen, which occupies almost the whole of the cyst , 
but as the cyst matures this is used up The mature cyst usually has 8 nuclei, hut 
more than 8 are not infrequently present Forty-two cysts were measured with the 
ocular micrometer and gave the following dimensions — 

smallest IQ 8ft, 
mean 17 8;i 
largest 18 4fi 

The nuclei m the cysts remain true to type, with a very thin deposit of peri- 
pheral chromatin on the inner aspect of the nuclear membrane and a fine and 
delicate karyosome The karyosome is almost always central in position within the 
nucleus, but occasionally it is placed a little eccentrically 


Discussion 

Very few entamoebae of lizards appear to have been described Amceha lacerlw 
Hartmann, 1907, was so named by Hartmann and Prowazek (1907), and studied by 
Nagler (1909) DobeU (1914) gives a very detailed account of this organism, which 
he states to be a fairly common inliabitant of Lacerta murahs His description of 
the nuclear characters and of the cyst, which is mononucleate, and his plate show 
ftat this orgamsm is qmte a different one from that which we have ]ust described 
On the other hand, m the same paper, Dobell describes a second organism — an 
Entamcela—hom. Lacerta murahs Small individuals when rounded up measure 
lO/i or less, and Urge ones 30g or more The nucleus contains a very large 
karyosome, surrounded by numerous granules of peripheral chromatin supported 
^ a Imm net-work Dobell does not name the organism, or describe the cyct 
He notes that when alive it has an appearance (the nucleus excepted) very bke 
that of Bniamceba ranarum, and it moves in a similar maimer 

Our orgamsm may he the same as Dobell’s entamoeba in Lacerta murahs, but 
he nuclear characters of the two appear to differ In all the specimens which we 
nave seen the karyosome is always very small, delicate and almost always central 
lu position 
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Wenyon and O’Connor (1917) mention an entamoeba in Agama sp , wliicinvas 
found in both the motile and encysted phases They note that it resembled E coh 
of man and produced an 8-nucleatc cyst indistinguishable from that of E coh 
Later, Wenyon (1920) described what is apparently the same entamoeba from 
Lacerta agihs and Agama stelho He notes that it bears a striking resemblance 
to^ coh, and feeds upon the intestinal contents of the lizard, frequently ingesting 
intestinal flagellate protozoa and their cysts It produces an 8-nucleatecyst.ivhicli 
IS indistinguishable from that of E coh His plate of tlie trophozoite forms shows 
only scanty ectoplasm, and a laigc karyosome in an eccentric position "Whether 
our organism is the same as Wenyon’s or not, we find it difficult to say The 
nuclear characters appear to be different, and m its motile phase it bears a 
close resemblance to E Instohjlica, and not to E coh 

Franchiiu (1921) describes an entamceba from Clialcides ocellatus It varied 
very much in size, the cysts u eie almost always 4.-nucleate, very rarely 8-micleate 
No illustration is given, and no measurements, and it u ould be very difficult for 
any worker to identify tins entamoeba 

The entamoeba in He7mdactglus flavtvtudts is cei tainl}’’ not Amoeba hcerla 
It appears to diflei from the entamoeba of Lacerta mwahs described by Dobell 
Wenyon’s organism in Lacei ia agihs and Agama stelho appeal s again to be a different 
species, and in any case Wenyon did not name it The cysts of the entamceba oi 
Hemidactyhis flavivindis appeal to be entirely different from those of Franchmi s 
organism, and also the latter uas not fully described or named We suggest, 
therefore, for the entamceba which we have described, the name Entamceba 
flavivindis sp nov 

We are much indebted to Mr H M Roy, artist of the Calcutta 
Tropical Medicine, for the camera-liicida drawings (Figs 1 to 18) m Plate XXXI 
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Introduction 

Large areas in Ceylon liave been planted in tea and rubber during recent 
years, much labour was required for these cultivations , the greater part of this 
has been supplied by the poorest classes of the Madras Presidency , and thus a large 
migration has taken place from Southern India to Ceylon 

The Indian population on the estates of Ceylon numbered 740,130 in 1929 > it 
has fallen recently owing to the depressed times when some estates have been closed 
down, and labourers have been repatriated 

In addition to the estate labourers many other 3rd class passengers travel 
yearly , and the average annual number of all 3rd class travellers to Ceylon during 
the decade 1924 to 1933 was — 

Estate labourers . 102,305 

Other 3rd class passengers 109,826 


Total 


212,130 


There are four areas in the Madras Presidency from which estate labourers are 
recruited and these have been named for statistical purposes the Trichmopoly area, 
the Vellore area, the Salem area and the Madura area These areas are indicated 
approximately in the sketch map (Map 1) 

Records have been kept of the actual districts from which estate labourers and 
other 3rd class passengers have come The relative district contributions to this 
migration to Ceylon are shown in Graph 1 

The migration takes place over two routes, namely, via Dhanushkodi and 
uticorm {vide Map 1) About two-thirds of all 3rd class passengers travel by 
the former route 

A narrow strip of land stands out from Southern India to end at Dhanushkodi 
. and. a similar strip pro] ects from Ceylon to end at Talaimannar These two extreme 

points are separated from one another by 25 miles of shallow sea The Ceylon 
I ^tiilt a railway to Talaimannar, where it ends upon a pier , the South 

naian Railway Company did likewise to Dhanushkodi, and also ran ferry steamers 
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between tbe two piers , the route thus established was opened in the year 1914 
The Government of Ceylon built a temporary quarantine camp near Mandapaiu 
and replaced this in 1918 by a model camp in the same neighbourhood (vde 
Map 1) ^ 

Mandapam camp is situated 23 miles from Dhanuslikodi and is well appointed 
for the comfort of all classes of passengers , the buddings have verandahs and aie 



of brick, with cement floors and tiled roofs , pipe lines convey water to 
buddings and there is a water carriage sewage service and electric light tlirou„ 

the camp g 

The trains of the South Indian Railway stop at the camp station , the passe 
are medically inspected, and all estate laboureis, and many other r 
passengers, are detained and quarantined for 5 days, not including riie ^ 
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arrival or departure (There is another quarantine camp near Tuticorin for those 
who travel by that route ) 

The estate labourers are vaccinated and treated for hookworm infection The 
rest and the good food produce a marked improvement in the appearance of many 
of them 

A small laboratory was built in 1930 and, on instructions from Dr Briercliffe 
(Director of Medical and Sanitary Services of Ceylon), it was equipped for the 
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“honing districts in South India from which the estate labourers and other 3rd class passengers came to 
t^ylon for tho decade 1921 to 1930 {Oensvs of Indta, Volume XIV, 1931) 


evamination of the stools of us many labourers and other passengers as possible for 
the presence of Vibrio cliolerce The investigation was started in the latter part 
of 1930 and has continued since that time * 

It was decided that any one who was found to harbour agglutinahle V cholem 
should not be detained but allow ed to continue the journey to Ceylon 

Table I shows the number of estate labourers and others who were quarantined 
at Mandapam camp from 1st Jannan% 1931, to July 1931 


* The laboratory iiorl^ at Slandapam was carried out by K MM Michael, Laboratorv Ansistnnt 
whose excellent worlv 1 have to acknowledge (L N ) ’ 


Table I 

Return showing the number of estate laboureis and others who have passed through Mandap 
camp monthly dunng the years from January 1931 to July 1934: 
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Cultural methods 

Collcclion of samples — Small tins and sticks were issued to the estate labourers 
and other 3rd class passengers for the collection of samples of their stools on the 
3rd! day of iheir slay in camp 

Emmmaiton of sampiles - — It was considered desirable to examine a very large 
number of samples, and, therefore, ten samples (occasionally fewer) were thoroughly 
mixed and a portion of the mixture was placed in a 100 c c Eflenmeyer flask 
containing 35 c c of peptone water On each day a number of single samples 
were also examined This method was continued from 1st January, 1931, to 
February 1933, when it became apparent that the examination of mixed samples 
was not as satisfactory as the examination of single samples , therefore they were 
discontinued, and after February 1933 all samples were examined singly 

The medium used was 1 per cent peptone 0 5 per cent sodium chloride in tap 
water adjusted to pH 8 This was distributed into 100 c c flasks for mixed samples 
and into 5" X I” test-tubes for single samples The media m the flasks and tubes 
were inoculated with 2 loopfuls of the samples (approximately 0 1 gramme) and 
after 6 hours’ incubation at 37°0 loopfuls were taken from the surface of the media, 
and sub-cultured into large test-tubes of peptones water The next morning these 
sub-cultures were examined for motile vibrios, when these were present nutrient 
agar plates were seeded and 24 hours later colonics of vibrios were examined for 
agglutination by the microscopic method 

Sub-cultures were made from each plate on which agglutmable vibrios grew and 
these were further studied at the Mandapam camp laboratoiy and at the Bacteiio- 
logical Institute in Colombo 

Also sub-cultures were made from a large number of colonies of non-agglutinable 
vibrios for subsequent examination 


Agglutination tests 

All cultures which had shown agglutination by the hanging drop microscopical 
method, and many cultures, which had not shown this agglutination, were examined 
by the macroscopical standard agglutination method Two sera were used 
sunultaneously in most of the tests — 

(1) A serum, here designated Berne serum, which had been obtained several 
years ago from Berne, and is m the form of a dry powder m ampoules, and has been 
kept in cold storage and has retained a fairly bigb titre for V cJiolerce 

(2) A serum, here designated Wellcome, which was used soon after it was 
received from the Wellcome Physiological Research Laboratories 

The organisms to be tested were seeded into measured quantities of peptone 
water and incubated at for 24 hours Formalin was added so that the cultures 
contained 0 2 per cent, and the cultures w'ere diluted with less than equal quantities 
of 0 2 per cent formalin in normal saline so as to bring them to the same opacity by 
comparison with an arbitrarily selected standard opacity tube 

The formalized cultures were kept m a cold storage machine for one or two 
days before being tested for agglutinating titre 
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Serial dilutions of tlie sera were made , a quantity of the diluted serum was 
mixed with an equal quantity of the standardized suspension for each dilution 
to be tested The dilutions made ranged from 1 in 50 to 1 in 10,000 The tubes 
were incubated for two hours on a water-bath maintained at a temperature of 55°C 
(approximately) When the tubes were taken from the water-bath they w^ere kept 
at room temperature for 15 minutes before the reading was made The usual 
controls were made for each suspension tested 

The highest dilution in which there was marked agglutination was accepted 
as the end-point of the titre , agglutmations of lesser degree were ignored 

Table II gives the agglutinating titre for the majority of the agglutmating 
vibrios winch were isolated from * earners it shows that the titre varied from 
1 m 100 to 1 in 10,000 

The vibrios which have been isolated are placed into three groups 

Group I vibrios which were agglutinated liy the standard agglutination method 
in dilutions of not less than 1 in 100 with Berne or Wellcome sera These vibrios all 
showed high motilitv, were typical morphologically of V choleras, gave the 
nitroso-mdol reaction and fermented sacchaiose, dextrin, glucose, maltose, galac- 
tose, mannose and liBvulose, with the formation of acid only They did not ferment 
xylose, dulcitol, isodulcitol, adonitol or inositol A few of them showed some 
production of acid in peptone water containing lactose 

Group II vibrios which were non-agglutinable with ‘ cholera ’ serum, but 
were morphologicall}’’ indistinguishable from V cholerw, gave the nitroso-indol 
reactions and the same fermentation tests as vibrios of group I 

Colonies of these vibrios were a little more opaque than most colonies of the 
agglutinating vibrios 

There were occasions on which plates, seeded for the isolation of vibrios, showed 
colonies with sectors, segments or narrow lines slightly more translucent than the 
remaining areas of the colonies Agglutinable vibrios of group I were cultured 
from these translucent areas but only non-agglutinable vibrios of group II could be 
cultured from the more opaque areas Cultures have been obtained which continued 
for months to give rise to those mixed colonies whenever plates were seeded from 
them 

It appears that these colonies contain two variants of the same species, and are 
not a mixture of two species , because on a number of occasions only ‘ mixed 
colonies and colonies of non-agglutinable vibrios have grown on seeded plates, 
pure colonies of agglutinable vibrios being absent 

If it IS assumed that two species are growing in those ‘ mixed ’ colonies, then it 
is necessary also to assume that these two species have such an astonishing attraction 
for one another that they fall together on the same points on the media in the plates, 
because in many plates the area of the media which show^ed no growth w'as far 
greater than the area covered by mixed colonies, or colonies of non-agglutinable 
vibrios This subject wall be discussed later in this paper 

Group III vibrios which were non-agglutinable with cholera serum and 
differed morphologically from F cholerm did not give the nitroso-imml 
reaction, and the few which were tested did not ferment saccliarose Kecords 
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were kept of the number of occasions on which these organisms were isolated, but 
they did not receive the amount of detailed attention which was given to the 
organisms of groups I and II 

Lysis by bacteriophage 

All the agglutmable vibrios and a few of the non-agglutinable vibrios were 
tested for lysis with a preparation of ’phage obtained from the Medical Research 
Institute, Shillong The preparation contains three strains of ’phage, each of 
which lyses a different strain of F cholerw 

Two tubes of peptone water were inoculated from each culture to be tested, 
’phage was added to one and this was compared for lysis with the other which had 
not been inoculated with the ’phage The results were read after 24 hours’ incuba- 
tion at 37°C and were recorded with plus or minus signs, + signified some lysis, 
and +++++ signified complete lysis 

Time did not permit of a detailed study of the effect of different strains of 
’phages upon the vibrios isolated, but the results are sufficient to show that the 
lytic effect of the ’phage used varied from complete absence of lysis in some strains 
to complete lysis in others Furthermore, the agglutmable strains as a group could 
not be distinguished from the non-agglutinable strains by the action of the bacterio- 
phage used {vide Table II) 


T\bbe II 


Number of culture 

Month of isolation 

Highest titre of agglu 
tination with Berne 
serum 

Highest titre with 
Wellcome serum 

Degree of lyaia by 
Shillong ’phage 

Number of culture 

Montli of isolation 

Highest titre of agglu 
tination with Beme 
serum 

Highest titre with 
Wellcome serum 

Degree of lysis by 
Shillong ’phage 


1931 

1 



8 

Juno 

N T 

2,000 

+ + 

1 

1 

Mav 

N T 

800 

+ 

9 

>» 

N T 

2,000 

+ + 

2 1 

yy 

3,200 

1,600 

4- 

10 

Dec 

1 

N T 

6,400 

+ + + 

3 

yy 

200 

200 

+ + + 


1932 


1 


4 

Tune 

N T 

2,000 

+ + + 

11 

Tan 

2,000 

8,000 

+ + 

5 


N T 

6,400 

+ + + + 

12 

yy 

1,600 

4,000 

+ + + 

6 

■ 

200 

200 

+ 

13 

yy 

2,000 

8,000 

+ + 

7 

y 

N T 

2 000 

+ + 

14 

yy 

3,200 

10,000 

+ + 


N T = Not tested 
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Table II — concld 


Number of culture 

Month of isolation 

Highest titre of aggln- 
tmation with Berne 
serum 

Highest titre with 
Wellcome serum 

Degree of lysis by 
Shillong ’phage 

Number of culture 

Month of isolation 

Highest titre of agglu 
tmation with Berne 
serum 

Highest titre with 
Wellcome serum 

Degree of lysis by 
ShJlong ’phage 

60 

Nov 1 

1 I 

3,200 

1,000 

+ + 

1 

72 

June 

2,000 

3,200 

-b-f -b 

61 

Doe ! 

2,000 

1,000 

N T 

73 

ft 

2,000 

4,000 

4- 







Non aggluhnable vibrios 



1934 





1932 

1 

i 


62 

Jan 

2,000 

1,600 

1 

4- 


Feb 

- 

— 

4- 

63 

Feb 

400 

200 

+ + + 


Deo 

- 

— 

4-4- 4-4- 4- 

64 

March 

400 

200 

+ 4-+ 


1933 




6S 

April 

60 

100 

4'4-4- 


Jan 

- 

- 

— 

66 

ft 

60 

400 

+ 


April 

— 

— 

4-4- 4-4- 4- 

67 

t* 

60 

200 

4-4- 


ft 

- 

— 

-b4--b-b4- 

68 

ft 

1,600 

1,000 

— 


July 

- 

— 

— 

69 

May 

1,600 

1,000 

— 


1934 




70 

ft 

1,600 

3,200 

4*4' 


Feb 

— 

- 

4-4-4- 

71 

ft 

3,200 

8,000 

4- 4- 4-4- 4- 

1 


tt 

— 

— 

-b-b-b-b 


N T =Not tested 


Statistical results 

Samples of stools from 100,896 persons were examined between the 1st January, 
1931, and 31st July, 1934 Kecruited estate labourers supplied 85,558 samples and 
passengers supplied 16,238 samples 

Agglutinable vibrios were isolated on 84 occasions , 81 of these were from estate 
labourers and 3 from passengers Non-agglutinable vibrios as defined for group 
II were isolated on 2,838 occasions, and of these 2,710 were from estate labourers 
and 128 from passengers 

Non-agglutinable vibrios as defined for group III were isolated on 992 occasions 
and of these 931 were from estate labourers and 61 from passengers 

The results for each year are given in Tables III to IX, which are agam 
summarized in Table X ^ 
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Cholera ‘ carriers ’ entering Ceylon "i early 

The teim ‘ cariiei ’ is used lu this paper to indicate any person who harbours 
agglutinable F cholerce, without prejudice as to whetlier or not that person can 
infect others with cholera 

V choleicB was isolated on 36 occasions from 6,008 mixed samples from 58,600 
estate laboureis {vide Table X), that is one peison in 1,627 was found to harbour this 
vibrio , but F choleras was isolated on 46 occasions from 27,052 samples from 
estate labouieis examined singly, that is one person in 601 Tiy this method was 
found to haiboui F cholercB It is concluded that the difference between the figuies 
1,627 and 601 indicates the degree of error introduced by examining a number of 
samples mixed together 

A somewhat similar degiee of eiioi is shown by the hguies for the 
uon-agglutinable vibrios Twenty'-seveU thousand odd samples is a sufficient 
number for statistical purposes Therefore, the conclusions in this paper are 
drawn more from the results of the examinations of single samples than of mixed 
samples 

The numbei of othei 3rd class passengers from whom single samples 
were examined was 10,623 and 3 were carriers {vide Table X), which was one 
in 3,641 

The methods which were adopted for the isolation of vibrios have considerable 
limitations, because the vibrios may be present in insufficient numbers foi 
successful isolation from culture media inoculated with only 0 1 gramme of 
faeces It is well known that failure to isolate the vibrio from a person may be 
followed by successful isolation from the same person on subsequent days , and 
this was experienced in Ceylon during the outbreaks of 1926 and 1926 Therefore, 
whilst it has been shown definitely that one estate labourer in 601 and one 
passengei in 3,641 was a ‘carrier’, it is certain that the number of earners 
was much greater than this 


Non- agglutinable vibrios of group II 

Vibrios of group II were isolated on 1,555 occasions from 6,008 mixed samples 
supplied by 58,606 estate labourers and this shows that at least 2 6 per cent of 
estate labourers haibour these vibrios They were isolated on 1,176 occasions 
from 27,052 single samples, and this shows that at least 4 3 per cent of estate 
labourers harbour these vibrios The difference in these percentages represents 
the degree of erioi between the methods of examining mixed samples and single 
samples , the degree of error is similar though smaller than for agglutinable 
F cholerce 

The vibrios of gioup II weie isolated on 94 occasions fiom 10,623 samples from 
other 3rd class passengers, which is 0 88 per cent 

The number of estate labourers compared with the number of passengers 
who haiboured these %abrios, was approximately in the proportion of 6 to 1 
The proportion for the agglutinable F choleicv was 6 to 1, vhich is veri 
similai 
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Seasonal prevalence — The vibrios of gioiip II show an luteiesting seasonal 
prevalence 

The mimbei of occasions on \\ Iiicli tliey ere isolated u as low during the months 
of June to Octobei— the diy season , the number mcieased dunng Novembei, and 
was high for the months of Decembei to April , the numbei usualh fell during May 
to reach its lowest in June 

Excluding the months of Novembei and May, Table XI coinpaies the 
pievalence of the two periods of five months, namely June to October and 
December to April The figures aie based on the lesidts of Ihe examinations of 
single samples only — 


TABLli XI 

Summary of the seasonal pievalence of vibnos of gioup 11 foi the 

yeais 1931 to 1933 


Estate laboubebs I PASSENeERS 


beaaou 

Samples 

Number 

positive 

1 

Percentage i 
positive 1 

[ Samples 

Number 

positive 

Percentage 
' positive 

June to October j 

4,352 

1 

393 

1 

9 0 

1 

3,682 

1 

66 

1 

1 

! 

1 

December to April 

8,735 

1 

1 

164 i 

1 

1 

1 8 

1 

4,143 

14 

1 

1 

1 

0 33 
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The cobrelation between the prevalence of non-agglutinable 

VIBRIOS WITH THE PREVALENCE OF CHOLERA AND RAINFALL 

IN THE Madras Presidency 

These correlations are shown m Graph 2 The upper curve shows the 
percentage of estate labourers and passengers who were found to harbour the 
vibrios of group II m all examinations, that tsfoi both mixed and single samples for 
each month from January 1931 to June 1934 

The second curve shows the number of cases of cholera (in thousands) recorded 
for the Madras Presidency during the same period 

The third curve shows the rainfall m inches for the south-east of the Madra*; 
Presidency as recorded in the meteorological reports for India under ‘Madras 
South-East ’ 

The lowest curve shows the months when agglutmable V cholerce were isolated 
the heights of the thick black lines aie varied to show the relatii e number of times 
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the vibrios were isolated, but the monthly numbers are too small for the different 
heights of the black lines to be of much significance , they serve principally to 
show the dates when the agglutinable F cholera} were isolated 


Graph 2. 


1931 1932 1933 t934 

^fmamjjas ond jfmamj jasondjfmamjjas ondjfmamj 



As already stated the vibrios of group III were not closely studied , it is probable 
that they comprise a number of species Graph 3 shows the monthly percentage 
of estate labourers and passengers who harboured vibrios of group III for the 
period 1st January, 1931, to 30th June, 1934. 
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It will be seen that there is little or no correlation between the curves for these 
vibrios and the curves for vibrios of group II, the monthly incidence of cases of 
cholera or rainfall in the Madras Presidency as shown in Graph 2 

Graph 3 

1331 1332 193 J 1934 - 
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Cholera in Ittoia 

There were approximately 217,000 deaths from cholera reported annually in 
India for the decade 1920 to 1929, and 31,000 of these were reported annually for the 
Madras Presidency Tlie population ol the Madras Presidency was about i 6 miUions 
and that of Ceylotf about 4| millions for that decade, and if the prevalence of the 
disease was the same for the two countries the expected annual death rate would 
be over 3,000 for Ceylon 


Cholera in Ceylon 

The population of Ceylon is well proimded by the State with medical officers 
for treatment and sanitation 

There aie general and infectious diseases hospitals in or near Colombo with 
1,266 beds , and in other parts of Ceylon there are 89 general hospitals with 6,606 
beds There are 626 government dispensaries m the island, and apart from these 
there are municipal dispensaries and 86 estate dispensaries 

The sanitation of the island is looked after by 43 medical men, including 25 
medical officers of health, and working under these are 267 well-tramed sanitary 
inspectors (This does not include the mumcipalities ) 
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Itr may be coucliided fiom tlub that casc(3 of clioleia aie unlikely to go tiii- 
recogmzed 

Many samples of stools fiom cases of enteiitis aie sent foi examination to tke 
Bacteiiological Institute in Colombo 

There aie twenty laige hies of minnteb and lejioits in the government medical 
offices in Colombo which aic lecoids of vhat has been done in comiection with 
outbieaks of cholera foi the years 1925 to 1933 , these have been closely studied 
foi this paper 

When a case of cholera has been repoited the medical officeis of health, the 
piovmcial surgeon the district medical officer, the headman of the district 
sanitaiy mspectois and police have been mobilized Withm 24 hours the patients 
and all contacts have been isolated, traffic from the area has been stopped, watei- 
supplies have been guarded and the necessary disinfection carried out The 
antecedents of all cases have been recorded 

Dr S F Chellappah, a senior officer of the sanitation department, has taken 
charge of the larger outbreaks, and has written long reports well illustrated with 
photos, maps, graphs and tables He has traced the source of infection in the 
explosive outbieaks to a definite well or other water-supply, and m other cases 
has traced the infection from one patient to another He has failed in very few 
cases to discover the source of infection of each patient Hectal swabs for bacterio* 
logical examination were taken from most of the contacts m these outbreaks 

Ceylon may be divided for the purposes of this study of past records into three 
areas — 

Area I in which the average yearly rainfall is from 100 to over 200 inches {vide 
Map 2) This area is montane and submontane, and the recruited estate labourers 
are sent to this area where all the tea and rubber estates are located 

Area II nr which the average yearly rainfall is from 75 to 100 inches This is 
the low country wet zone 

Area III in which the average yearly rainfall is 75 inches or less This is the 
low country dry zone 

Cholera has occurred on 30 occasions in the nine years under consideration 
On 21 occasions only one person was affected, and the other 9 were outbreaks in 
which three or more persons acquired cholera 

The following is a pr4cis of the records concerning these 30 occasions — 

Area I Cholera has occurred in this area on ten occasions, on seven of these 
only one person was affected, all of these had just arrived in Ceylon after being 
quarantined at Mandapam camp, five had entered the camp seven days, one eight 
days, and one nine days prior to the onset of the disease 

The other three were small outbreaks involving 4, 7 and 13 iieisons 
respectively 

Two ot these w ere started by leceut arrivals from )South India , they were estate 
labourers who had entered Mandapam camp 7 and 8 da} s respectively prior to the 
first s}Tnptoms The source of the largest outbreak was never discovered Tlie 
bacteriological findings were positive on all these occasions 

Area II Cholera occurred in this aiea on nine occasions, and in each case 
only on(' person wa'j affected Three were 3rd class passengers w ho became ill a da} 
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or two after arrival from Southern India The patients on the other six occasions 
were permanent residents and the Source of infection was never traced 

Area III Cholera occurred in this area on 11 occasions, five of these were in 
persons who had recently landed from Southern India, and six were outbreaks, 
which were of considerable size for Ceylon, because the total reached 349 cases 

Five of these outbreaks took place in 1925 and 1926 In two of them the first 
patients were seamen who developed the disease while returning to the northern 
province of Ceylon in sailing boats which had been to the pearl fisheries off Southern 
India The other three outbreaks of 1925 and 1926 started during a time when the 
Admiralty were undertaking large building operations at Trincomalie and the 
Government of Ceylon was budding two railways, one connecting Trincomalie, 
and the other connecting Batticaloa to the main line Consequently there was a 
considerable influx of labourers from South India, and although the original 
infectors of these outbreaks were ne\er traced undoubtedly they came from 
Southern India 

The sixth outbreak started m December 3 928 in the small town of Alutnuwara, 
where there is a shrine, whither many pilgrims travel, but it is curious that the 
outbreak did not occur in the season of pilgrimage 

The following are the number of notified cases of cholera for the twelve years 
1922 to 1933 ~ 

1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 

Nil Nil 4 305 56 6 4 19 Nil 4 Nil Nil 

ChoiiERA in Mandapam camp 

On 14 occasions persons in the incubation stage of cholera developed the disease 
in Mandapam camp 

On three occasions another person was infected presumably by contact, 
while on one occasion, in October 1925, an outbreak resulted in the infection 
of ten persons 


The circumstances of the estate labourers before and after 

THEY LEAVE INDIA 

The lowlands of south-east India are watered by the rams of the north-east 
monsoon , the rains of the south-west monsoon pass by them 

Towards the end of the\iry season the lands have become and, green vegetation 
disappears, the river beds have dried up or maintain only a trickle of water, the 
tanks are empty or hold a little muddy w ater, and the inhabitants depend upon the 
shrunken water of their w ells The sites of these w'ells have not been selected, 
nor the construction of them done wnth a view to the avoidance of contamination 

The diets of the poorest classes are never of a high quality, and become deficient, 
especially m vitamins, towards the end of the dry weather when fresh foods are 
scanty or unprocurable ^^^len the rains of the north-east monsoon are below 
normal the indigent among the population starve 
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The villagers live in huts which are dark, insanitary and hardly weatherproof 
The north-east monsoon rains find them with lowered resistance following a time 
of want, and the conditions in the villages are such that pollution and re-pollution 
of their water-supplies take place with each shower of ram 

As soon as the labourers, living under these conditions, are recruited for work 
m Ceylon their interests are watched by the Governments of Ceylon and India 
There are ordinances which provide for a minimum wage, the amount and 
quality of nee w'hich must be issued to each labourer, the housing accommodation, 
medical inspection, medical treatment and the necessarv powers for the inspection 
of their circumstances and inquiries into any grievances Schools are provided for 
the children, and creches for the care of the children during the working hours of 
their parents are to be found on some estates 

Latrines are provided and the water-supplies on the estates are protected 
wells or pipes from dammed-iip streams in the higher hills The liability of 
pollution IS remote in most cases 

Mr M W M Yeattes of the Indian Civil Service subscribes to the improvement 
of the circumstances of these labourers after they travel to Ceylon from the plains of 
Southern India (vide Census of India, Volume XIV, 1931, Madras, Part I, pages 93 
and 94) He states — 

‘ Emigration is a gieat teachei of self lespect, for caste is to a large extent put 
aivay w^hen the Indian emigrant crosses the sea One social effect 

of emigiation has been indicated above, viz , a growth m independence and self 
respect on the pait of the depiessed classes who go abroad This is all to the good 
A man who, little removed from piedial serfdom in Tanjoia, finds himself treated 
on his own merits like every one else when he crosses the sea, paid in cash foi his 
labours, and left to his own resoiuces, must in the majority of cases benefit from 
the change, and it is probably the existence of the emigration current that has 
contributed most to the growth of consciousness among the depressed classes in 
India Labourers from well-run estates generally bring back to their 

villages some of the ideas on cleanliness, food and comfort acquired while abroad 
Evidences of this are seen in many a South Indian village, and I have myself on 
several occasions had pointed out to me a house differing markedly from its neigh- 
bours as being that of some one who had been to Malaya or Ceylon ’ 

The Government of India have stationed in Ceylon an agent to guard the 
interests of their aforetime subjects in their improved circumstances 

The death rate among the estate labourers is under 20 per 1,000, which is lower 
than that of the general population of Ceylon, and still lower than that of the 
inhabitants of the areas in India from which they have come 

Now this comparative state of affairs in India and Ceylon must be taken into 
account when considering the incidence of such a disease as cholera 

Length of time the agglutinable V choleice suevives 

IN ‘ CAERIEES ’ 

The problem of the duration of time a healthy person infected with 
agglutinable F choleroe continues to harbour the organism has been investigated by 
many workers, and the results of their work show that the duration is usually short 



738 Oaineis of V clioleraG loho entei Ceylon fiom South India 


The majority of carriers cease to excrete F cholerw after six to eight days, a fair 
mimher continue this excietion for a longer time, up to about three weeks, and a 
few continue to discharge them for two or three months 

A few carriers have been detained at Mandapam camp and their stools examined 
daily for F cJidleicB But the results are of little value because it was unknown 
when these persons became infected 

In thirteen cases in which only agglutinable vibrios had been isolated on the 
first examination six were still excieting them on the fifth day, and seven were 
negative, but unfortunately the intermittent manner m which these vibrios are 
excieted was not taken into account and in most cases when a sample was negative 
no further examinations were done It is of interest that the laboratory notes 
from Mandapam camp show that non-agglutmable vibrios appeared in five of the 
thirteen cases at or about the time when the agglutinable vibrios disappeared 

Duiing the outbreak in the north of Ceylon m 1926, rectal swabs vere taken 
dally or bi-daily from thirteen cariieis, who were isolated in the contact camps 
The day on which these persons became infected could be presumed with 
considerable accuiacy, and the examination of swabs from them was continued 
for several days after they had first become negative The following table 
gives the results — 

Table XII 


Day after 
infection 


Negative 


Positive 


Sni 

1 

10 

6tli 

4 

0 

Otli 

7 ^ 

0 

Mt'i 

10 

s 

lll’i 

11 

2 


The subsequent historv of the two who were positu e on the 11th day is One 
was negative on the 12th dav and positive on the 13th and thereafter negative 
The other was negative on the 13th and 16th days and positive on the 19th and 
21st davs and thereaftei neoatn e 


Discussion 

The virulence of the aggJvtinahng V cholerae of ‘ cairiers ’ 

The labourers a id passengers (examined foi earners) weie fair samples of the 
emigrants who pa«s \ earh from South India to Ceylon 
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When tlie figures already given are used as a basis from which to calculate the 
number of persons who were carrieis tliree days before they reached Ceylon Table 
Xlir gives the result — 


Table XIII 


Calculated number of ‘ carriers ' 


TravollerB to Ceylon 

j 

“ 1931 

1032 

1 

1933 

Average for years 
1924 to 1933 

Estate labourers 

68,337 

' 50,860 

32,898 

102,306 

Other 3rd class passengera 

100,864 

92,805 

88,353 

109,825 

CAr.CO):.ATEI> NVMBEH OP OARBrEES — 





Among estate labourers 

113 

83 

64 

170 

Among 3rd cIbbs passengers 

28 

26 

1 

05 

31 

Totaes I 

141 

109 j 

79 

201 


The years 1931 to 1933 were years of depression, and the result was that fewer 
labourers travelled to Ceylon Therefore (as Table XIII shows) the calculated 
number of ‘ carriers ’ was low for these years 

It has been shown that cholera occurred on ten occasions during the years 
1925 to 1933 in the areas to which the estate labourers go and that on nine of these 
occasions the disease was due to a recent arrival being in the incubation period 

The number of carriers will have greatly diminished a few days after their 
advent to Ceylon, and by the end of three weelcs few, if any, will continue to be 
carriers This and the improved environment and circumstances of the labourers 
might be held to account for the rarity of cholera among them But their habits 
are such that contact infection would occur if virulent vibrios were being 
disseminated by a number of them Therefore it is concluded that the majority 
of the agglutinating vibrios of carriers are of very low virulence 

This IS strongly supported by the nature of the journey they make to 

Ceylon which places them under circumstances for infection by contact to be easily 

acquired ^ 

Many of these labourers travel in large batches under the charge of those who 
have recruited them 

J, MR 


10 
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They are packed into third class carriages at Mandapam and two hours later are 
transferred to the decks of the feiry boats at Dhanushkodi The sea of the straits 
between India and Ceylon can be rough, and these labourers are very susceptible to 
sea-sickness and a common sight is a number of them with their wives and children 
collapsed cheek by jowl upon the decks and rolling on to one another with every 
movement of the boat The decks soon become polluted with vomit and other 
excrement, and where more educated people will struggle with the sickness suffi- 
ciently to reach the lavatories or the side of the boat, many of these labourers and 
their dependents abandon themselves to a state of collapse and make no attempt 
to avoid polluting the decks 

When they arrive at Talaimannar about two and a half hours later they are 
crowded into third class carnages for a mght journey to the interior of Ceylon 
The journey by the time they reach the estates has occupied at a minimum 
20 hours 

Smce no case of cholera has occurred in Ceylon for the last ten years in 
which it could be assumed that the patient had acquired the infection on the 
journey, it is strong evidence for the low virulence of the agglutinating vibrios 
of carriers 

The result of this investigation might be held to support the views of those who 
believe that healthy persons harbouring agglutinable V cholerce are never a source 
of danger to others d’Herelle, Malone and Lahiri (1930) are emphatic on this 
matter and state ‘ Only those suffering from cholera and in the incubation stage 
are infective ’ 

Such a final determination of the potentialities of an agglutinating V cholerm 
for its normal host is not justifiable in the present state of our knowledge 

There is very little evidence of carrier infection to be found in the literature 
In a country where cholera is endemic it would be very difficult or impossible to 
incriminate a carrier, because choleraic diarrhoea is not uncommon , and carnage 
on food, clothes or by flies cannot be excluded easily 

A letter has been received, dated 18th March, 1932, from the Director, League 
of Nations, Health Organization, Eastern Bureau, Smgapore, in which the 
following statement occurs ' — 

‘ Professor Ciuca last week related two instances which had come under his 
own notice where carrier infection seemed defimte One was the case of a boy who 
had made a journey from his home in Roumania with his father On the return 
journey the father died of cholera All the necessary precautions against spread 
were taken by the samtary authority of the village in which the death occurred 
The boy proceeded to his home, but within a very short period of his arrival there 
both his'mother and sister developed cholera As there was no cholera at all in the 
\ lUage there seemed no other solution of the question than that the boy was himself 
a carrier and this proved to be the case 

The second instance occurred during the second Balkan War, when a serious 
cholera epidemic occurred among Roumanian troops At the conclusion of 
hostibties all Roumanian troops were ordered to proceed to Lazarets on the 
frontier before re-entering their own country This was carried out in all cases 
except one, where a small detachment crossed into Roumania without examination 
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A motor laboratory van is kept in readmess at the Bacteriological 
Institute in Colombo, so that it may be dispatched immediately 
for the mvestigation of outbreaks of cholera, plague, etc , in 
distant parts of Ceylon It was built for the safe carriage of all 
necessary laboratory equipment and stores The van was sent 
to JafEna in the charge of Mr K Vallipuram, the senior assistant 
of this laboratory, and, his work consisted in examining any material 
sent to him by the medical officers working m coimection with 
the outbreak Rectal swabs were taken from all the prisoners, 
from the contacts in the isolation camp, and also from sections 
of the population, including hospital patients, who were considered 
not to have been in contact with the infection Table XIV 
shows the results of the laboratory examinations — 


Table XIV 



Number of 
swabs 

Number positive 
for non-agglutma- 
tmg vjbrios 

Percentage 

positive 

Prisoners 

286 

40 

14 

[ 

Camp 

230 

24 

1 10 4 

Persons not con 
tacts as far as 
was known 

214 

1 

4 

! 

1 

1 

15 

i 


(e) From 21st April to 26th April when cases of cholera were occurring in 

the Jaffna jail, there were 34 cases of diarrhoea with bile-stained 
stools and no symptoms of cholera These were never recorded as 
cases of cholera, although rectal swabs from these patients were 
sent for bacteriological examination with the following results — 

Agglutinating vibrios were isolated from 8 swabs 

Agglutinating vibrios and non-agglutinating vibrios from 2 swabs 
Non-agglutinating vibrios from .. .14 swabs 

Thus 24 patients harboured either agglutinating or non-agglutinating 
vibrios 

(f) The examination of rectal swabs of the contact prisoners m Jaffna ]ai] 

started on 30th April and the laboratory records show that at first 
many agglutinating vibrios were isolated, and not many non-agglu- 
tinating vibrios, but later when the agglutinating vibrios were 
appearing many non-agglutinating appeared, and these in their 
turn were disappearmg at the end of May and begmmng of June 
when the work ceased 
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The prevalence of vibrios of group II is shown in Graph 2 to increase during the 
cholera season in the Madras Presidency, but this cannot be brought forward as 
strong evidence that the vibrios are V cholerce which have lost their agglutinabibty, 
because it may be that the conditions which spread F cholerce will also spread other 
vibrios 

It has already been shown that the other 3rd class passengers, who are 
quarantined at Mandapam, harbour vibrios much less frequently than the estate 
labourers 

These passengers are from many classes, some are Mohammedan and Hmdu 
traders, others are going for domestic service m Ceylon, and a number of 
them are non-recruited labourers seeking work on the estates and in the to'wns 
of Ceylon 

Unfortunately no records were kept of the status of those who were found to 
harbour vibrios , and it is very probable that the vibrios were isolated from the 
lower caste labourers and not from the better class persons among these passengers, 
who do not come from villages where cholera is endemic 

But taking all the evidence into consideration it is difficult to avoid the 
conclusion that the vibrios of group II are non-agglutinable avinilent F cholerce 
Or to put it in another way, it may be that the vibrio of cholera is the virulent 
variant of a vibrio commonly occurring in the intestines of people living 
under esbremelv msamtary conditions 


SUMMABY 

(1) An investigation of 100,896 estate labourers and passengers, who were 
quarantined before entering Ceylon, resulted m the discovery of 84 carriers of 
agglutinating F cholerce 

(2) A calculation from the figures indicates that at least 200 persons in 
a year of average emigration are carriers three days before they arrive in 
Ceylon Many will continue to be carriers for variable periods after entering 
Ceylon 

(3) It IS shown that there were 10 occurrences of cholera during the last nine 

years in the areas to which the majority of the earners go, and that nine out of 
these 10 occurrences were due to persons in the incubation period On the other 
occasion the source of the infection was not traced This and other evidence 
put forward indicates that the great majority of carriers have been excretin'^ 
avirulent vibrios ° 

(4) The number of persons excreting non-agglutinable vibrios was investigated, 
these vibrios are placed into one of two groups — those which resemble F cholera 
in all respects except agglutinability, and those vhich differ markedly from 
F cholerce 

(5) It IS shown that, during the cholera season in the Madras Presidency, the 
vibrios resembling F cholerce may occur in 10 per cent of the estate labourers *But 
during the dry season the prevalence of them falls to 1 or 2 per cent 
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(6) The relationship between the non-agglutinable vibrios and the true cholera 
vibrio IS discussed 
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The chemical composition of rices grown in some parts of India has been 
determined by previous investigators Sen (1916) has analysed some varieties 
of Bihar rice, while McCarrison and Norris (1924) have done similar work on South 
Indian rice Recently Joachim and Kandiah (1928) have undertaken an analysis 
of Ceylon rice Bengal is one of the largest rice-producing provinces where as 
many as 640 different varieties of rice are known (Hector et al , 1934) There is, 
however, no systematic analysis of Bengal fice on record 

Bengal rice may be divided into three mam classes, viz , Aus, Aman and Boro 
It 18 a common belief, and this belief is shared even by some leading medical authori- 
ties (Acton and Chopra, 1926), that Aus rice is inferior to Aman practically in all 
respects While chemical analysis might throw some light on this point, a thorough 
and complete biochemical investigation is necessary before it is possible to select 
the better varieties 

The present paper forms part of a systematic biochemical mvestigation of 
Bengal rice taken up by the present authors The investigation will include 
chemical analysis, determination of enzymic digestibility of proteins and carbo- 
hydrates, isolation, analysis and determination of biological value of proteins 
determination of vitamin content and examination of sterols of the different 
varieties 
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All tlie varieties of Aus and Aman rices used in tins work were very kindly 
supplied by the Economic Botanist to the Government of Bengal from his test plots 
While these were mostly pure-line strains, there were two hybrids as well A short 
description of the paddies might not be out of place 


Description op the varieties used 

Aus — 

1 Ghamoch (Dacca No 6) — ^A very fine, high land Aus paddy ripening earlier 
than Dacca Nos 2 and 4 For a combination of yield and fineness it is one of the 
best paddies 

2 Dhavral (Dacca No 14) — A coarse high land Aus paddy of almost the 
same duration as Dacca No 2 and suitable for the same type of land as Dacca Nos 
2 and 4 It is a very heavy yielder and is liked by the cultivators for their 
own use 

3 SurjamukJii (Dacca No 4) - — A medium fine, high land Aus paddy very 
similar in all respects to Kataktara 

4 Kumari (Dacca No 16) — A medium fine, high land paddy of good quality 
and suitable for the same type of land as Dacca Nos 2 and 4 

5 PXS (8) (Dacca No 18) — A strain of Aus hybrid It is very early and 
18 particularly suited for rich light soils and also for double-cropped lands 

6 BTi'ui’mun (Bankura No 4) — An improved heavy yielding strain of Aus 
paddy of Bankura known as Bhutmari It is suitable for higher situations and is 
drought-resistant It yields a coarse rice which is liked by the cultivators and 
labouring classes 

7 Jhanp (Bankura No 2) — A pure-line strain of transplanted Aus paddy 
of Bankura It is coarse, heavy yielding and suitable for higher situations of 
transplanted paddy lands 

8 Katahtara (Dacca No 2) — A medium fine, broadcast, high yielding Aus 
paddy taking about four months to mature It does best on fertile high lands in 
rotation with a ‘ rabi ’ crop 

Aman — 

9 Indrasail (Dacca No 1) — A medium coarse, transplanted Aman paddy, 
ripening normally about 14th December It is very suitable for areas in North and 
East Bengal, where the soil is fertile and moisture lasts up to November It should 
not be grown on ordinary double-cropped lands 

10 DXI (34) (Dacca No 21) — An early strain of Aman hybrid It is a 
paddy of very superior quahty and a very heavy yielder 

11 DudsJiar (Dacca No 6) — This paddy is similar in all respects to Dacca 
No 1 but ripens a bit earlier 

12 BadkalnmJjrli (Bankura No 1) — An improved strain of Badkalamkati 
paddy of Bankura belonging to the ‘ kartik ’ paddy group It is a paddy of good 
quality, ripening very early and is fauly heavy yielding 
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13 Latisail (Dacca No 17) — ^An oval-shaped coarse, heavy yielding paddy as 
early as Dudshar and grows in same types of lands as are suited to Indrasail and 
Dudshar It can also be grown on double-cropped lands 

14 Bhasamamh (Chmsuiah No 2) — A fine, selected pure-Ime variety of 
West Bengal It is a heavy yielder and has beaten all other varieties in the 
Chinsurah farm It is an ideal paddy for general use combining yield with quahty 

16 Jhmgasatl (Dacca No 15) — ^A finer paddy than Indrasail or Dudshar 
It ripens about the same time as Dudshar and yields the same amount under 
identical conditions 

16 Nagra ^6 (Chinsurah No 1) — ^A selected heavy yielding strain of the 
Nagra paddy of West Bengal It is of medium quality and suitable for the same 
type of lands as Dacca No 1 

17 KJiimijah (Barisal No 2) — An improved strain of Balam paddy of 
Barisal district It is of good quahty and suitable for the Balam tract of Bakerganj 
district 

18 Chingnglmsx (Barisal No 1) — ^An unproved heavy yielding strain of 
Balam paddy of Barisal having similar qualities as Khiranali 


Preparation op samples 

Samples having different treatments were all prepared in the laboratory under 
controlled conditions 

1 Euslang — ^A quantity of paddy was placed m an indigenous wooden mortar 
and pestle known in Bast Bengal as ‘ kahal chia ’ and by shght rotatory movement 
of the pestle the paddy was unhusked with practically no loss of the coloured skin 

2 Polishing — Where polishing was necessary the husked rice obtained above 
was further treated in the mortar with up and down movement of the pestle until 
the desired polished stage was obtained 

3 Parboiling — Parboiled samples were prepared as usual by allowing a quan- 
tity of paddy to be steeped in water over-night and then boiling with m miTmiYn 
quantity of water till the desired stage was obtained, followed by drymg in 
the sun 

4 Bran — The rejected portion in the process (2) is the bran 

5 Husk — The rejected portion m the process (1) is the husk 


Experimental 

A large number of paddies and rices was analysed as detailed below — 
Paddies — All the Aus and Aman varieties described before 
Rices — (a) Sun-dried and non-polished 1 r _ n a i • 

(t) Sun-dned and polid T ” ^ „ t, at 
(c) Parboiled and non-polisbed 1 cribed 

Bran fiom — {a) Sun-dried Charnock and Jhanji 
(6) Parboiled Charnock and Jhanji 
Husk fiom — (o) Sun-dried Charnock and Jhanji 
(6) Parboiled Charnock and Jhanji 



748 Biochemical Investigaiiom on Bif&ent Varieties of Bengal Rice. 

Methods of analysis 

Moisture, oil and. fat, crude fibre, total nitrogen, protein (total nitrogen X 6 25), 
soluble carbohydrate, ash, silica and calcium were determined by methods recom- 
mended by the Association of Official Agricultural Chemists 

Feme oxide was estimated by the Zimmermann-Rheinhardt method 
(Treadwell, 1930) 

Phosphoric acid and potash were estimated by the method of Neubauer- 
Fmkener as described by Stewart 


Experimental data 

The experimental data are summarized in the following tables®' Table I 
indicates the variations m chemical composition of paddies of Bengal, Table II 
that of sun-dried non-polished (husked) rices. Table III that of sun-diied polished 
rices, while Table IV indicates the variations in chemical composition of parboiled 
non-pohshed rices 

A comparison of Tables I, II and IV will show that the effect of huSking is to 
reduce greatly the content of woody fibre, ash and silica and to increase the content 
of carbohydrates, proteins and fats and to a smaller extent of phosphoric acid 
Husking has got no effect on the potash content which appears to be uniformly 
distributed throughout the gram 

It will be seen from these tables that in then chemical composition, the 
individual Aus varieties show some deviation from the average value The same 
remark also holds good for different Aman varieties 

Rice contams an excessive proportion of starch and therefore the relative 
nutritive value of a sample of nee depends on its content of proteins and mineral 
constituents, especially lime and phosphoric acid 

Amongst the rices of Aus class Surjamukhi, Kumari and Kataktara are poorer 
with regard to their protein content, wffiile Bhutmuri, Jhanji and Charnock varieties 
contain the maximum amount of protein Surjamukhi, Kataktara and Charnock 
show relatively higher fat content, while the ash as also the phosphoric acid and 
calcium contents of Charnock is the highest Polished sun-dried Surjamukhi is 
deficient in phosphoric acid 

Oi the Aman rices Latisail, Khiraijali and Dudshar appear to contain the 
maximum amoimt of protein, while Jhingasail contains the minimum amount 
Indrasail is relatively poor m fat 

In the case of the two hybrids, the paddies of both PXS (8) and DXI (34) 
contain comparatively lower amounts of protein But the protein content of 
the rices derived from these paddies almost reaches the respective average values 
for Aus and Aman 


* The figures in all the succeeding tables arc calculated on air drj basis The slight variations 
m moisture content do not affect the general conclusions 



Showing the vanation in chemical composition of paddies of Bengal (expressed as per cent on 

air-dry basis). 
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Table VI 

Shoxoing the variation in chemical composition of bran and husk having different treatments [expiessed 

as per cent on air-dry basis) 
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Difference between the Aus and Aman paddies and bices 

OF Bengal 

Table V summarizes the average composition of Aus and Aman paddies and of 
rices of Bengal subjected to different treatments Table V as also Tables 11,111 
and IV make it clear that the Aman varieties of nee contain on the average more 
protein and fat than the Aus varieties For rice which contains a relatively excessive 
proportion of starch these constituents are very important from the nutritional 
standpoint and the analytical data obtained thus support the popular view that 
A.man rice is superior to the Aus varieties The Aman nee also contains 
calcium than the Aus The ash content of the Aman rice is less than that of the 
Aus but Aman rice contains sufiGicient phosphoric acid although its phosphoric 
acid content is lower than that of the Aus nee The Aman nee contains less 
moisture and silica but more potash than the Aus nee 

Comparing the Aman and the Aus paddy one comes across the same relation 
as in the case of nee The moisture content of the two varieties of paddy, however, 
appears to be identical 


Difference between sun-dried and parboiled rice 

Tables V, II and IV bring out the difference between non-polished sun-dried 
and parboiled rices The parboiled rices appear to contain slightly more protein 
than sun-dned rices of the same strains Sun-dried nces appear to contain 
moisture and woody fibre and a slightly higher percentage of fat than the 
parboiled variety Working with six varieties of Ceylon nces Joachim and 
Kandiah {loc cit ) found that except in the fat content which somewhat fell there 
was on the whole no appreciable change in the chemical composition as a resu t 
of parboiling 


Effect of polishing 


It will appear from Table V and from a comparison of Tables II and III that 
polishing diminishes the fat, ash, phosphoric acid and calcium content of the nee 
Polishing brings down the phosphoric acid content by more than 25 per cent it 
is clear that when these rices are pohshed in the mdl, where polishing is 
thoroughly done, the phosphoric acid content would fall dangerously low 
Polishing lowers the calcium content more in the case of Aman than in the case o 
Aus It also slightly lowers the protein content, on an average by 0 45 per c^ 
Almost a similar lowering (0 2 percent) has been observed by Sen (me ci / ^ 

working with a single variety of Ceylon rice Joachim and Kandiah (loc ? ; 
observe that polishing diminishes the protein content by about 1 , 

results obtained by the authors on the chemical compositions of polished 
rice agree in most respects with those of McCarrison and Isorris (toe ci ) 
South Indian rices 


Polishing increases the moisture content of Bengal rices by about 1 
Similar results have been obtained by Joachun and Kandiah (loc cii ) Ihis can he 
explained by the fact that the moisture content of ^an is less than ^a c 
non-polished rice from which it is derived (c/ Tables VI, IV and II) The po 
gram might also have a tendency to absorb moisture 
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Composition op bran and husk 

Table VI (A and B) summarizes the composition of brans and {C and D) 
that of husks from two sun-dncd and parboiled Aus varieties 

Brans or the rejected residues obtained after polishing the rices would appear 
to be much richer m fat, phosphoric acid, potash and iron and to a lesser extent 
in protein than the rices from which they are derived This points to a concentra- 
tion of the fats, mmerals and to a lesser extent of protein in the ‘ aleurone ' layer of 
the grain The bran contains much more fibre, ash and silica and less carbohydrate 
than the corresponding rice The brans from the sun-dried and parboiled varieties 
appear to have almost the same composition 

Husk appears to be poorer in fat, protein and phosphoric acid but considerably 
richer in woody fibre and ash — most of the latter consisting of silica Husk is also 
richer in iron than the corresponding rice Parboiling appears to have little effect 
on the composition of the husk 

For the sake of comparison the composition of different varieties of paddies, 
rices and their by-products from Bengal, Bihar and Ceylon are given in 
Table VII 


Conclusions 

Chemical analyses were made of typical Bengal paddies, rices and other by- 
products and the changes in the chemical composition of the gram as a result of 
husking, polishing and paiboiling studied The following conclusions have been 
arrived at — 

1 Different varieties of rice showed variation in their chemical composition 

2 The husked rices are richer in protein, fat, carbohydrate and phosphoric 
acid than the corresponding paddies 

3 Polishing results in a marked decrease in the fat, fibre, ash, phosphoric acid 
and potash content The protein content decreases slightly but the moisture 
content mcreases on polishmg 

4 Parboiling affects the chemical composition of rice inappreciably, except 
the moisture and woody fibre contents which fall slightly 

5 Bran, or the rejected residue after the polishing of rice, is richer in protein, 
fat and phosphoric acid content than the correspondmg rice 

6 Husk or the rejected residue after husking is highly deficient in protein 
and carbohydrate but richer in woody fibre, silica and ash 

7 In general the Aman varieties are richer in protein, fat and potash contents 
than the Aus varieties 

8 The Bengal rices are on the whole similar in chemical composition to the 
other Indian rices They appeared, however, to be somewhat deficient in fat and 
protein contents 

Our grateful thanlcs are due to Prof J 0 Ohosh for his keen interest in the 
present investigation 
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Part II. 


ENZYMIC DIGESTIBILITY OF RICE STARCH ACTION OF 

TAKA DIASTASE 


BY 

KALI PADA BASU, d sc , dr fhil , 


AND 


SACHINDRA NATH SARKAR, m sc 

[From the Biochemical Section, Chemical Laboiatones, Dacca University ) 

[Received for publication, November 20, 1934 ] 

In a previous communication Basu and Sarkar (1935) Lave reported 
on the chemical composition of different samples of Bengal nee Enzymic 
digestibility of the same varieties of rice is the subject-matter of the present 
investigation 

It IS quite probable that the readiness with which the carbohydrate and 
protein of the different varieties of rice would be digested and metabolized 
in the human body would be different with different varieties So far as 
the digestibility of the carbohydrate is concerned this appears all the more 
probable in the light of the investigations of Hammerstem (1908) Lane 
(1910), Nagao (1911), Reimtzer (1909), Pauletig (1917), Welzmuller’ (1921) 
and others on the action of amylases from various sources on starch 

( 759 ) 
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from different substances like potato, barley, maize, nee, etc These authors 
found that the extent of action of an amylase varied with the source of 
the starch In this connection mention must be made of an observation of 
Sherman and Baker (1916, 1919) who found that if the starch from different 
sources be first washed with very ddute alkali all these differences in the 
action of amylase vamsh In the case of digestion of rice starch in the 
human body the starch is accompanied by proteins, inorganic salts and fats from 
the nee and differences m the digestibility of the starch from the different varieties 
are thus to be expected 

In this paper the action of the Taka diastase amylase (Parke Davis & Co ) on 
the starch of the different varieties of nee (both Aus and Aman) subjected to 
different treatments (for details see Part I of this paper, pp 746-768) and m 
presence of all its constituents, the difference in the digestibility of sun-dried and 
parboiled nee and also the effect of polishing the rice on the digestibihty of starch 
have been studied 

In order that the activity of the enzyme material Taka diastase (a preparation 
from Aspergillus oryzee) might remain uniform, it was preserved in a refrigerator at 
2°C to 3°C. Its action on pure starch was examined from tune to time and found to 
remam constant 

It IS well known that due to inhibition by reaction products (Luers and Was- 
mund, 1922) the reaction velocity of this enzymatic reaction gradually falls off 
Eeadings were, therefore, limited to the first 10 minutes 

Animal amylases have a higher optimum pH (pH 6 4 to 6 8) than 
amylases of plant origin (pH 4 6 to 5 2) The reactions in this paper were 
carried out at the optimum pH 4 92 


Expebimental 

Bices having different treatments were powdered and sieved through a 
150-mesh sieve and requisite quantity was taken and treated with a little cold 
water This was then placed in boiling water and boiled exactly for foiu minutes 
after which it was cooled and made up to known volume so that a four 
per cent suspension of starch was obtained A little toluene was also added 
to prevent bacterial action The substrate was prepared every day before the 
expeiiment 

Each reaction mixture u as made up of as follows 25 c c of starch suspension, 
10 c c of phosphate buffer having a pH 4 92 were taken in a flask and kept in a 
constant temperature bath at 37°C ±0 2° When the contents of th e flask acquired 
the temperature of the bath, 2 c c of 0 2 per cent solution of Taka diastase were 
added thus making the total volume equal to 37 c c Five c c of the reaction 
mixture were withdrawn every 3, 6, and 10 minutes and the reducing sugar 
formed vas estimated by the micromethod of Shaffer and Hartman (1921) 
Duplicate estimations were carried out in every case and the mean result is given 
in the following tables — 
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Table I 

Skoioing the varialion in the digestibility of different Aus vaneties. 


Variety 

T^imo in ’ 
xmna 

Amount ot beduoiho stjoab teobtjced 

IN MO 

San dried 
polished 

San dried 
non polished 

Parboiled 
non pohshed 


3 

4 73 

4 69 

6 22 

Charnook . ■ | 

G 

7 83 

7 85 

8 10 

1 

10 

12 01 

110 

1136 


3 

6 61 

6 46 

6 79 

Sorjamukhi 

6 

9 06 

8 67 

10 26 


10 

13 36 

12 06 

13 63 


3 

6 39 

6 77 

6 77 

PXS (8) 

6 

8 77 

8 77 

9 00 


10 

12 74 

11 86 

13 12 


3 

6 42 

6 30 

6 25 

Jban]i 

6 

9 86 

9 66 

9 81 


10 

14 87 

13 58 

13 63 


3 

6 34 

6 17 

6 99 

Kumari 

6 

8 26 1 

6 26 

8 96 

► 

10 

12 67 

12 10 

14 16 

■ 

3 

6 31 

6 36 

6 36 

Dhairal 

6 

9 66 

9 64 

9 90 


10 

13 88 

14 06 

14 16 

/ 

3 

6 46 

6 46 

6 66 

Kataktara 

0 

9 65 

8 60 

9 64 


10 

13 26 

12 10 

13 05 

[ 

3 

6 43 

6 99 

6 71 

Bhntmuri I 

6 

10 07 

910 

924 

' 

10 

14 10 

12 43 

13 32 

Mean for 10 muintes 

13 31 

12 40 

13 18 
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Table II 

Showing the variation in the digestibility of different Aman vaneties 



' 

Amount of 

BEDOCING STJGAE rBODTJCED 


1 

1 


IN SIG 


Variety 


Time in 





mins 

Polished 

Non-polished 

Non polished 




sun dried 

sun dried 

parboiled 

1 


3 

5 07 

4 88 

5 99 

Indrasail 1 


b 

9 16 

8 05 

9 82 

1 



13 09 

11 69 

12 67 

r 

3 

3 68 

4 60 

6 19 

Dudshar ; i 

6 1 

9 21 

7 95 

10 02 

1 

10 

13 09 

11 53 

13 95 

j 


3 

5 24 

5 07 

6 24 

Jhmgasail J 


C. 

8 68 

8 26 

10 82 

L 

10 

13 25 

12 20 

14 25 


( 

3 

4 69 

4 41 

6 71 

Latisail 1 

1 

G 

8 05 

7 47 

9 16 

1 

[i 

10 ! 

1146 

10 95 

12 01 

( 

3 

4 69 

4 50 

5 24 

Bhasamanik J 

6 

8 68 

7 96 

9 42 

1 

10 

n 85 

11 03 

12 48 


f ' 

1 

4 29 

4 22 

4 97 

Badkalarakati 


G 

8 47 

7 67 

8 36 


ii 

10 

11 85 

10 62 

1 11 44 

( 

3 

4 79 

4 41 

4 98 

Nngra | 

I 

G 

8 47 

1 8 15 

[ 8 42 

1 I 

10 

11 69 

10 78 

11 68 

1 

r 

3 

4 60 

4 41 

5 01 

DXI (34) -j 


6 

8 26 

8 26 

8 62 

i 

10 

11 69 

1 10 78 

11 68 

1 

r 

3 

4 51 

3 75 

5 51 

Chingnghusi i 

I 

1 

G 

7 76 

6 67 

8 86 

12 67 

i 

10 

11 85 

10 12 


r 

3 

3 63 

3 53 

3 74 

Kbiraijali 

1 

i 

G 

10 

6 82 

10 2 

6 67 

9 81 

6 82 

10 42 

Mean for 10 minutes 


11 97 

10 95 

12 33 


Discussion 

Amongst the Aus varieties Charnock appears to be the least cbtrcstiblc 
tlie Aman \arietics Kliiraijali is the least and Jbmgasail tlic most digestible 


Of 
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Both m the case of Ausancl Am, in varieties parboiled rice starch is more 
digestible thau that from the sun-dncd nee This is to be expected in view of 
the fact that in the process of parboiling, rice starch is probably dextnmzed to 
some extent 

In case of both Aus and Aman, polished iice starch is more digestible than the 
starch from the corresponding nou-polished rice The bran which is rich in ether 
soluble substances, ash and proteins thus appears to contain some inhibitors for the 
action of Taka diastase amylase 

Tables I and II indicate that towards Taka diastase the Aus varieties are more 
digestible than the Aman People, however, believe that they can more easily 
digest Aman ncc than the Aus It must be noted that Taka diastase is not an 
amylase produced by the human body but by Aspergillus oryzes Further 
investigations with amylase sccicted by the human body as also investigations 
on the enzymic digestibility of the proteins of different varieties of rice are in 
progress 


Our grateful thanks are due to Prof J C Ghosh for his keen interest in our 
work 
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[Received for pubboation, November 23, 1934] 

Toddalca aculeata (Hind Janglikalmurclii , Tamil Milakarnai) is a climbing 
shrub of the Rutacea? order and is found in the lower Himalayas and in western and 
southern India The whole plant, more especially the root-bark, is pungent and 
aromatic, and is used m Ayurvedic medicine for its tonic, stimulant and anti- 
pyretic properties , it is also reputed to be a specific for remittent fever As a result 
of a few early trials with an infusion of the drug in the Madras Hospital, it was 
considered superior to quimne as an anti-pyretic and to calumba as a tonic, but 
recent investigations by Vyas and Bhatia (1932) have disproved its utibty in 
malaria fever 

A considerable amount of chemical work has been done on the drug, chiefly 
because of the celebrity it had attained at one time in European medicine under the 
name of ‘ Lopez root ’ From the essential oil of the leaves have been isolated 
citronellal, linalool and a camphoracious substance, M P 96 to 97°C 
(Hooper, 1893) The bark has been found to contain resm, bitter stuff, tannm, 
citric acid, sugar, pectin, starch, etc , and to yield on incineration an ash rich 
in manganese (Schnitzer, 1862) An alkali soluble glucoside, originally thought 
to be Hesperidine, had also been isolated, but Oersterle and Wander (1926), on 
investigating this more closely, have identified this as the glucoside Diosmin 
Perkin and Hummel (1895) examined the root-bark and isolated from it a yellow 
alkaloidal hydrochloride , they considered this to be berberine hydrochloride 

{ 765 ) 
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from the result of a platinum determination' of the platinic"''chIoride and the 
general behaviour of the hydrochloride The presence of no other alkaloid 
was detected by them They also obtained a resin from which no crystalline 
material could be isolated 

As the result of the investigations recorded h ere ithas been found that berberme 
IS totally absent in the bark, as shown by the test of Gordm which would be positive 
m the presence of even 0 02 per cent of berberme in the root-bark On the other 
hand, it contains two alkaloids, one of which gives a yellow hydrochloride closely 
resemblmg berberme hydrochloride in appearance and havmg very nearly the same 
platinum content in the platmic chloride, and which could, therefore, be very easily 
mistaken for berberme The following properties, however, served to distinguish it 
from berberme, parallel experiments havmg been undertaken with the two alkaloids 
This alkaloid which we have named Toddaline is a tertiary mono-acidic base having 
the formula, It is colourless, melts at 269°C to 270°C when ciystal- 

lized from chloroform, and is completely msoluble m hot water unlike either of the 
two modifications of berberme, and is nearly insoluble m absolute alcohol The 
hydrochloride and the nitrate form yellow needles like the correspondmg salts of 
berberme, but here again their sharp melting-points as well as the ease with w’hich 
very dilute aqueous ammonia regenerates the alkaloid serve to distmgmsh it from 
berberme, the lattei not being precipitable by very dilute ammoma It contains 
two methoxyl groups like berberme, but differs from it m havmg one jN'-methyl 
group 

The other alkaloid which has been named Toddahmne (CX0H15NO4) is a very 
strong base requiring liquor ammonia or sodium hydroxide to regenerate it from its 
salts On this property depends its separation from toddaline A complete 
description of the extraction and the purification of toddalmine and of a lactomc 
principle and an account of their properties have been published by two of us (Dey 
and PiUay, 1933) 

Experimental 

The root-bark examined was obtained through the Forest Department of 
Madras The roots from two different localities were examined, the plants in each 
case being identified by the Botanical Department, Presidency College, Madras, 
but no difference in the products except in their relative amounts was detected 

Absence of berberme %n the loot-barh — For the detection of berberme, both 
Gordin’s (1901) method and the colour reactions with chlorine water were tried 
An alcoholic extract of 20 g of the root-bark was evaporated down, taken up witli 
20 c c of hot water, 10 c c of the aqueous filtrate made alkaline with 2c c of 10 
per cent sodium hydroxide, kept overnight to settle, filtered, warmed to 50°C and 
5 cc of acetone added There was no turbidity even on dilution and keeping 
overnight, wFde even one milligram of berberme under these conditions forms an 
appreciable precipitate A similar extract made out of 1 g of the wood of 
Coscimimi fenestratum, containing 3 per cent of berberme, gave a good yield of the 
crystalline acetone compound of berberme 

Extraction of the root-barh — The following method was found to work most 
satisfactorily The well-powdered root-bark was percolated six to eight times 
with methanol in the cold and the collected filtrate evaporated, first under ordinal} 
and finally under reduced pressure 
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Separation of allaloidal matter — The thick brown residue thus obtained was 
extracted first w’ltli hot w atcr, tlieii w ith hot 10 per cent acetic acid, cooling it each 
time before pouring of! the evtiact m order to avoid too much of the resin going 
into solution To the collected filtiate was added an excess of strong potassium 
nitrate solution It was kept ovciuight and filtered The residue contained the 
nitrates of the alkaloids highly contaminated with resinous impurities, which were 
removed by grinding with small amounts or an equal mixture of methanol and 
ether, and filtering till the precipitate was pure yellow Small quantities of the 
mtrate of the weak base wdiich went into solution were recovered later and added 
to the mam portion of the alkaloid 

Separation of the two alkaloids — The combined alkaloidal nitrates were ground 
with 10 per cent caustic soda solution, filtered, well washed with water and then 
dissolved m 10 per cent acetic acid when most of it went into solution The filtrate 
was collected, nearly neutialized with dilute ammonia, filtered from some resin 
which had separated and then the toddalme was precipitated by a slight excess of 
dilute ammonia Ten per cent caustic soda precipitated toddalinine from the 
filtrate 

Ghnractenzation of toddalme and its salts — The crude toddalme was dissolved 
m one pei cent acetic acid, nearly neutralized with dilute ammonia, kept overnight 
and filtered from some resinous impurities which had separated, and then precipita- 
ted by the addition of dilute hydrocliloric acid The orange-yellow hydrochloride 
was crystallized twice out of hot water and the base reprecipitated by means of 
ammonia It was obtained as a white amorphous powder melting at 255°C to 
258°C On slow evaporation of a chloroform solution it deposited small needles 
which were separated from a little impurity by washmg with ethyl acetate and 
then melted at 269°C to 270°C The crude alkaloid seems to undergo a curious 
change into a white crystalline insoluble powder when it is rubbed with absolute 
alcohol, to which a drop of strong ammoma has been added This powder melts 
at 20i°C to 206°C only, although it does not contam any alcohol or water of 
crystallization, and appears to be only another form of the alkaloid since it gives 
the same hydrochloride as the original alkaloid 

(1) 23 89 mg (dried at llO’C ) tn vacuo 61 80 mg CO,, 12 82 mg HjO, C, 70 53 . H, 6 96 

(2) 20 40 mg „ „ 62 60 mg CO,, 10 77 mg H,0, 0, 70 33 , H, 6 87 

(3) 22 71 mg „ „ 68 78 mg CO,, 12 30 mg H,0, C, 70 68 , H, 6 02 

8 729 mg „ „ 0 364 o 0 N, at 28°C and 762 mm N, 4 61 

^•o^ 2 i 04 N requires C, 70 79 , H, 6 19 , N, 4 13 per cent 

Toddalme is almost insoluble m the usual organic solvents except in chloroform 
but the rotation could not be found even m this medium because of the slight rosy 
fluorescence Nitrous acid has no action on it and so the base appears to be of a 
tertiary character 

The molecular weight was found by the East method 9 4 mg (dried at llOX 
tn vacuo) m 82 2 mg camphor gave a depression of 13 l‘’C MW —349 1 

C20H21O4N requires MW 339 

.... ^determination of methoxyl and methylimino groups, by Eeynolds’ method 
(Allen, 1929), showed the presence of two methoxyl and one methylimino 
^oups 01476g (dried at llO^C m iiac«o) gave at 140‘’C 0 2082g AgI,OMe= 
lo bz per cent 
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At 360°C, 0 1034 Ag I, NMe=8 65 per cent CnHjsOs (OMe)^ (NMe) 
requires OMe, 18 29, and NMe, 8 56 per cent 

Toddaline hydrochloride — It can be crystallized jFrom dilute acetic acid, hot 
water or hot alcohol from which it comes dowm in stout bright-yellow needles melting 
at 205°0 to 206°C , and containing one molecule of w^ater of crystallization, which 
IS rapidly lost on heating at 1 1 0°C in vacno On prolonged heating the salt appears 
to undergo slow decomposition and tiuns brown, the base liberated with alkali 
being impure and coloured It is fairly soluble in alcohol and hot water but quite 
insoluble in the presence of excess of the mineral acids The rotation could not be 
determined owing to the intense colour of the hydrochloride 

18 42 mg (air dried) gave 40 99 mg CO„ 9 88 mg HjO C, 60 68 , H, 6 96 per cent 

0 1042 g gave 0 0370 g of AgCl , Cl, 8 79 per cent 

CjoflaiOi N HCl HjO requires C, 60 99 , H, 6 10 , Cl, 9 01 per cent 

Toddaline platini-chlonde — The hydrochloride was dissolved in hot water, 
cooled, and a slight excess of a 7 per cent solution of chloroplatiuic acid was added 
A yellow oily precipitate formed immediately, which on standing overnight, 
crystallized spontaneously m long slender needles melting at 254°C to 266°C 
and containing no water of crystallization 

(1) 66 30 mg gave 9 93 mg Pt Pt , 17 64 per cent 

(2) 66 32 mg gave 9 96 mg Pt Pt , 17 68 „ 

(OsoHjiO,N )3 Hj Pt Cl„ required Pt , 17 94 

Toddaline aun-chlonde prepared similarly, using a 10 per cent gold chloride 

solution, was obtained as an amorphous orange-yellow precipitate insoluble m 
water, alcohol or dilute hydrochloric acid and melting at 201°C to 202°C 

82 86 mg (dried at 110°C ) gave 23 96 mg Au Au=28 91 per cent 

C20II21O4 N HAu CI4 requires Au 29 04 per cent 

Toddaline nitrate was thrown down completely on adding excess of dilute 
nitric acid to a solution of the acetate It crystallized fiom dilute acetic arid or 
hot alcohol in brilliant yellow needles softening at 235°C and melting at 239°C 
(decomp ) 

13 81 mg (dried in vacuo at llO^C ) gave 0 866 c c N2 at 31°C and 762 mm 
N, 6 97 per cent 

C20H22O7N2 requires N, 6 97 per cent 

Toddaline picrate — This was precipitated by adding a slight excess of aqueous 
picric acid to a solution of toddaline acetate, in brilliant needles, insoluble in boiling 
w'ater or alcohol and melting at 237°C to 238'’C 

6 73 mg (dried at 110°C in vacuo) gave 0 625 cc No at 32°C and 762 mm 
N, 10 21 per cent 

C20H21O4 N CoH(NOo )3 oh requires N, 9 86 per cent 

Toddaline sulphate — Precipitated from a solution of the acetate by dilute 
sulphuric acid, formed a yellov crystalline solid insoluble in hot alcohol and dissolv- 
ing very sparingly in hot water It crystallized from dilute acetic acid in yellow 
needles which darken from 210°C and melt with decomposition at 236°C 
to 239°C 
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Colour reactions of the alkaloids 


Reagent 

1 

Toddahno 

' Toddalinino 

1 

Berberme 

Concent rated 
H,SO, 

Orange, quickly turning 
deep blood red On 
« arming reddish 
brovrn On dilution 
cloudmcss 

i 

j Blood red turning dirty 
broivn On dilution 

1 green ii ith cloudiness 

1 

Orange yellon On warm 
mg olive green On 
dilution cloudiness 

Concent r o t c d 
HXO, 

Blood red, turning red 
dish broivn On dilu 
tion orange 

: Reddish brown On dilu 
tion turbiditj 

Red turning reddish- 
brown On dilution 
orange 

Frohdo 

Reddrsh brown, alowly 
brownish black 

Dirtj pink, turning dirty 
brown 

Greenish brown, slowly 
turning broivnish black 

Erdmann 

Orange, turning red On 
dilution colour dis 
charged 

Pink red, turning blood 
red On dilution 

greenish with turbi 
ditr 

Deep orange, turning 
greenish brown On 

dilution turbiditv 

SulpFo-van a d i o 
acid 

Greenish brown 

I Deep red 

Reddish-brown, turning 
violet 


Pharmacological action 

The alkaloid, toddaline, is very irritant to the mucous membrane and the 
subcutaneous tissues A 2 5 per cent solution injected under the skin into rabbits 
produced much irritation and a sloughing open ulcer resulted in the course of a few 
days Subcutaneous injection of 100 mg per kilo of body-weight caused death in 
frogs and rats m a couple of hours 

Because of its reputed anti-pyretio action we tested it on fevered rabbits accor- 
ding to KiUiani’s method Nine experiments were done, the doses ranging from 
60 mg to 150 mg , the average weight of the rabbits being 1 7 kilo Either no fall in 
temperature occurred or the fall was no greater than that occurring in the control 
animals 

Intravenous injections of as small a dose as 2 mg invariably causes a temporary 
arrest of respiration followed by spasmodic breathing This effect is seen in decere- 
brated animals as well, where the lung-volume also is appreciably duninished, and 
appears to be due to constriction of the bronchial muscle 

Such small doses also markedly increase the secretion of saliva which dribbles 
down and forms a pool around the animal’s head 

Small doses (2 mg ) cause a slight rise of carotid blood-pressure which disappears 
on repeated injections This imtial rise is seen after vagal paralysis and in spinal 
animals, but is abolished after ergotoxm No appreciable effect is seen on the heart 
either m situ or isolated On perfusion of the frog’s blood vessels in situ the outflow 
IS markedly diminished pointing to vasoconstriction The volume of the spleen and 
the intestines is diminished This is due both to vascular constriction and contrac- 
tion of the plain muscles, as the intestinal movements have been found to be 
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stimulated A very marked but transient contraction of tbe urinary bladder 
also occurs 

Experiments show that tbe lifting power of tbe skeletal muscle is greatly 
increased by tbe drug In tbe case of tbe frog’s gastrocnemius %n situ tbis was 
increased three times Direct application of a 6 per cent solution to tbe skeletal 
muscles causes a marked and sustained increase m tone 


SuMMABY 

From tbe root-bark of Toddalea aculeaia, two alkaloids, Toddahne and Toddali- 
mne, a lactonic non-nitrogenous principle, and a glucoside have been isolated The 
alkaloids of which toddaline forms tbe major part have been shown to be different 
from berberme Toddaline has been characterized by preparations of derivatives, 
such as nitrate, hydrochloride, platmi-cbloride, etc , and by well-marked colour 
reactions 

Tbe alkaloid has no anti-pyretic effect It is irritant to tbe mucous membrane 
and subcutaneous tissues It has no action on tbe heart but small doses raise tbe 
blood-pressure Plain muscles of the bronchi, tbe blood vessels, tbe intestines, 
tbe spleen and tbe bladder are all stimulated to contraction Skeletal muscle 
immersed in a 6 per cent solution shows a marked increase in tone Tbe load 
lifting power of skeletal muscle is increased A marked increase in tbe salivary 
secretion also occurs 
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Chopra andbis co-woikers (1928) bhowed that in Belgian hares after intravenous 
injections of organic compounds of antimony, there was a definite increase in the 
residual einnephrine content of the adrenal glands as compared with the normal 
gland Aiter the first two or three injections the increase was slight, but after a 
larger number of injections (ten) the increase was definite and marked, the adrenalin 
content being nearly doubled It has also been shown that large doses of organic 
arsemcals produce a remarkable decrease m the chromaffine substance and of the 
residual adrenalin in the glands and that arsphenamme, in therapeutic doses, 

produces partial exhaustion of the adrenalin content 

»• 

In this paper it is proposed to describe the effects produced by injections of 
emetine on the residual adrenalin content of the suprarenal glands and on the iodine 
content of the thyroid gland in experimental animals Carl (1911) studied the 
effects of strychnine on the chromate reaction m frogs, and found it had a defimte 
action on the suprarenal content of the chromaffine system Bose (1931), in his 
experiments with the albino type of the Himalayan rabbits, showed that injections 
of emetine hydrochloride produced a marked intensification of insubn response and 
concluded that the effect is probably due to depression of the action of the suprarenals 
by the toxic effect of the drug on the chromaffine system Chmcally the possibility 
of producing symptoms of poisoning by the long continued admimstration of 
emetine in therapeutic doses is well recognized Leiby (1930) repoited a fatal 
J. me ( 771 ) j2 
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case of poisoning in an adult female due to the cumulative action of emetine after 
repeated therapeutic doses In this patient death occurred from vasomotor collapse 
after a total dosage of 1 28 g , and post-mortem examination showed well-marked 
parenchymatous degeneration of the adrenals along with other anatoimcal 
changes Acton (unpublished) found that the drug was useful in leucoderma 
and after a course of mjections there was defimte improvement in the leucodermic 
patches in many patients This he considered was due to the depressant action of 
emetine on the adrenal glands 

In view of these and other observations, and in view of the fact that emetine is 
largely employed in the treatment of amoebiasis, we carefully worked out the effect 
produced by emetine on these glands In the series of experiments described 
Belgian hares were used It has already been pomted out (Chopra et al , loc at ) 
that the results of estimation of the adrenalin content of the circulatmg blood are 
very variable The best way to estimate the functional activity of the suprarenal 
glands appears to be to determine the residual adrenalm content of the glands 
after the administration of the alkaloid 


Experimental 

The Belgian hares were housed in different cages and were fed with green vege- 
tables and gram, and thoroughly acclimatized for about 2 months before the experi- 
ment was started They were all male animals having average weight ranging 
from 1 8 to 2 kilos The dose of emetine was calculated on the basis of human dose, 
1 e , at the rate of 1 mg per kilo of body-weight which is approximately the thera- 
peutic dose given in human beings Most of the animals, however, developed 
diarrhoea with haimorrhage after such doses and the dose had to be reduced to half, 
and this was well borne Each rabbit received eight successive daily injections, 
and on the ninth day the animals vere killed The adrenals were carefully 
dissected and removed and epinephrine was extracted by means of tochloracetic 
acid solution The assay of the epinephrine content of this extract was carried 
out by Dale’s modification of the biological method described by Elliot (1912) as 
well as by the colorimetric method Babbits Nos VII, VIII and IX were used 
as controls and kept under similar conditions 

Biological as^ay — The injections of the extract of the glands were given into 
the femoral vein of decerebrated cats at equal intervals The volume of the un- 
known solution containing adrenalin was kept constant and it was injected in a 
given time and washed through by a defimte quantity of saline in all cases The 
curves ot carotid blood-pressure were recorded on a slowly moving drum and 
compared with those produced by a standard solution of adrenalin prepared by 
P D &; Co The reaction was considered identical if the curves coincided with 
each otlier both in their height and duration The results obtained are given in 
column 5 of Table I 

Colorimetric estimation of adrenalin — Eor details of this techmque reference 
should be made to the previous paper on this subject Certain modifications 
in the original procedure were, however, made The estimations of adrenalin 
were carried out by using the protem-free trichloracetic acid extract as described 
by Baker and Marnan (1927) and Folm’s (1913) technique as modified by 
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Barker, Eastland and Evers (1932) To 1 cc of this trichloracetic acid extract 
0 25 c c of Eolm’s reagent was added followed by 0 76 c c of 6 per cent 
caustic soda solution The potassium persulphate test, as recommended by 
Barker, was not used as laboratory conditions did not allow of it The results 
are given m column 6 of Table I — 


Table I 


Belgian hare rabbit 
number 

Weight before 
inicotion, g 

Total 

emetine, 

mg 

i 

Weight after 
injection, g 

1 Epinephrine content per 

GRAMME WEIGHT OF GLAND 

Biological 
method, mg 

' Colorimetric 
method, mg 

I 

1,810 

i 

1 8 77 

1,685 

10 

j 

1 224 

n 

1,765 

1 

7 55 

1,813 

1086 

2 62 

ni 

1,816 

70 

1,732 

1098 

2 36 

w 

1 

1,630 

6 76 

1,626 

0 87 

1 86 

V 

1707 

70 

1,786 

0 96 

2 00 

VI 

1,785 

i 

76 

1,830 

102 

2 28 

vn 

2,080 

Control 

2,040 

1 42 

3 60 

vm 

1,775 

»» 

1,800 

144 

3 64 

IX 

2,100 

f* 

2,1S0 

130 

3 42 


Disoession 

The results given m the table show that the epinephrine content in normal 
rabbits, as estimated by the biological method, varied from 1 36 mg to 1 44 mg per 
gramme weight of the gland With the colorimetric method the results were higher 
and varied from 3 42 mg to 3 64 mg per gramme of the gland The epinephrine 
content of the adrenals after a senes of eight injections of emetine as determined 
by the biological method is given^ m column 6 It will be seen that the 
epinephrine content is definitely lower, varying from 0 87 mg to 1 096 mg per 
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gramme weight of the gland The results as determined by colorimetric method, 
given in column 6, show that, after a series of injections, the epinephrine content 
becomes less than that of the control animals and varies from 1 85 mg to 2 62 mg 
per gramme weight of the gland, as compared to 3 42 mg to 3 64 mg per gramme 
weight in the control animals These figures though much higher than those 
obtained by the biological method were, however, sufficiently conclusive as regards 
the action of the emetine injection on the adrenal glands 


Effects on the iodine content of the thyroid gland 

The inter-relationship between the thyroid and suprarenal glands has been 
known for a long time The iodine content of the thyroid gland was worked out 
simultaneously in order to establish any relationship after injections of emetine 
It is well known that after feeding with thyroid gland, and in pathological hyper- 
thyroidism, the adrenalin output is increased The synergism of the thyroid and the 
phsechrome system is best evidenced by direct stimulation of the thyroid or adminis- 
tration of thyroid or iodine This fact is well in keeping with the hyperplasia of the 
adrenal medulla (Pettavel, 1912, Herring, 1916, ‘ 1920) which has been observed 
sometimes m Graves’ disease The increase in the functional activity of the thyroid 
gland IS associated with increase in its iodine content, and this may be considered 
as a criterion of its functional activity after injections of emetine The iodine 
content was estimated according to a modification of the techmque described by 
Gorak (1926) 

The glands are carefully freed from extraneous tissues, weighed and put in a 
small porcelain crucible with about 0 5 g of anhydrous sodium carbonate and about 
0 3 g of finely powdered potassium nitrate , 0 5 c c of distilled vater is then added 
and the ciucible is gently heated over an asbestos board and the contents evaporated 
to dryness The crucible is then heated to dull red-heat over a naked flame, till 
theie IS no dark part in the melt and until there is no evolution of gas The melt 
while still warm is taken up vith 5 c c of distilled water and transferred to a 160 c c 
Erlenmeyer flask, the crucible being thoroughly washed with about 20 c c more of 
distilled water and the washings added to the contents of the flask A few small 
glass-beads are then added and the neck of the flask is washed ivith a water 
Six drops of a cold saturated solution of potassium permanganate is added and 
mixed and the contents boiled for about 10 seconds The flask is then raDm\ed 
from the flame and 6 c c of 26 per cent sulphuric acid slowly added, the flask 
gently rotated during this process After the addition of 1 c c to 2 c c the 
solution usually becomes clear and the rest can be used for washing the neck of 
the flask The still hot flask is again put over the flame and saturated potassium 
permanganate solution diluted five times with vater is added drop by drop till a 
permanent rose-red colour is obtained Aftei boiling for 10 to 15 seconds, 
0 1 c c of N/10 NaN 02 solutionis added to the boiling fluid when it decolorizes 
almost instantaneously and the neck of the flask is washed with a little water 
After 25 to 30 seconds more boiling 1 c c of 10 per cent aqueous urea soli^ion 
IS added, and the neck of the flask washed again During this process the m^sk 
should be kept over the flame and the boiling must not be interrupted Af^r 
boiling it for about 1 minute more, the flask should be taken away from the 
flame, cooled in running water and titrated with N/lOO sodium thiosulphate after 
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the addition of about 2 c c to 3 c c of 10 per cent potassium iodide solution and 
a fevr drops of 1 pel cent starch solution 


Table II 

Iodine content of thyroid 


Kabbit 

number 

Iodine content m rog 
per gramme of tissue 

Rejmbks 

1 

0 2692 


2 

0 2900 

i 

i 

3 

1 

0 2425 I 

1 


j 

4 

0 1820 

1 


6 

0 2096 


0 

0 2466 


7 

0 3070 

ConlTol 

8 

0 3840 


9 

0 3680 



Table II sliows that in the normal animals the iodine content of thyroid varied 
between 0 30 mg and 0 38 mg per gramme of the gland After a course of injections 
of emetine the iodine content of the gland is decreased and runs more or less parallel 
^th the adrenalin content This shows that simultaneously with decrease of the 
adrenalin content of the suprarenals after injections of emetine, the lodme content 
of the thyroid also tends to decrease 

SUMMAEY AND CONCLUSIONS 

1 The experiments on Belgian hares show that after a series of eight intra- 
venous injections of small (therapeutic) doses of emetine hydrochloride, there is a 
definite decrease in the residual adrenalin content of the gland as compared with 
the normal gland 

2 The iodine content of the thyroid gland is decreased and runs more or less 
paiaUei with the adrenalin content 
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There are several existing metbods for recording tbe rapid electneal changes 
in the tissues, e g , by the capillary electrometer, the string galvanometer and 
the two forms of oscillographs Matthews (1928) has given an excellent review 
of their uses and shortcomings The string galvanometer, in spite of its 
great value in recording the comparatively slow electric changes accompanying 
the heart beat, has many disadvantages In ordinary recording, the mertia 
of the stnng prevents it from giving an accurate record of the very rapid 
electrical changes such as those of the action currents of nerve Even in 
Einthoven’s special type of string galvanometer for recording very rapid 
changes much loss of sensitivity is involved The instrument which Adnan (1926) 
used was a special type of capillary electrometer, in combination with a valve 
amplifier The sensitiveness of this system is great and the method of recording 
18 convement, but the records obtained with it are greatly distorted by the 
damping of the mercury, and a special machine is required for analysing them 
The illuminating arrangements for photographic recording in the string galvanometer 
and capillary electrometer are unsatisfactory as much loss of intensity results on 
account of the hght having to pass through noicroscope objectives Rosenberg’s 
moving loop oscillograph has been used for recording the nerve impulse but the 
records appear to be distorted, because when the applied potential changes rapidly 
the loop over-swings and besides that instrument is not very sensitive There is no 
such objection in the case of the cathode ray oscillograph used by Gasser and 

( 777 ) 
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Erlanger (1922) as the moving system is a stream of electrons It has no appreci- 
able mass nor damping, and there is no chance of any of its parts being damaged 
on account of excessive deflection Even this has certain drawbacks, the chief 
being that the stream of cathode rays has low actimc power and a single excursion 
will not afiect a photographic plate, but that problem has now been partially solved 
by the introduction of a new type of Cossor tubes The moving iron oscillograph 
of Matthews is very good for general nerve work, but this also is not free from 
certain defects, wlach will be discussed later The modified oscillograph of 
Morelh (1932), which is also a sensitive apparatus, is a step forward but it 
does not always give an accurate response due to the rebound of the spnng 
used in it The writers have recently effected improvement in the recording 
system and have developed a new instrument adapted for both physiological 
and pharmacological work This apparatus can accurately record the action 
potentials of nerves and muscles, and also that of a single nerve fibre The 
instrument is not leadily hable to damage and its optical system is extremely 
simple Records can be obtamed on plates or films with a higli speed 
sensitivity Further, the sensitivity can be varied over a wide range by 
altering the number of valves employed 


The New Apparatus 

The principle of the system is to amplify the action potentials from the tissue 
by means of valve amplifiers and to allow this current to pass through the moving 
coil oscillograph The oscillations of the mirror in the oscillograph, that are 
produced by electrodynamio forces and are proportional to the impressed input 
current, will directly indicate the changes m the tissue 

(a) The moving coil oscillogiaph — This instrument is designed on the following 
principle A coil of wire is wound on a hght cyhndrical ‘ former ’ and the cod is 
suspended so that it can travel backwards and forwards in the direction of its axis 
through a distance of about 0 6 cm , but it is not capable of movement in any other 
direction It hes in the field of a permanent magnet as illustrated in Text-fig 1 (o) 
The coil when carrying curient is thus acted on by an electrodynamio force, which 
sets it in motion at right angles to the plane of the current and the direction of the 
field "When a current of varying mtensity flows tlirough the coil it undergoes a 
vibratoiy motion The coil is suspended by means of a special fibre ‘ spider ’ which 
IS fixed in the centre and which ensures only axial movements The cliief advantage 
of the moving coil drive is the relatively large movement permitted by the free 
suspension The system is in fact identical until that of a moving coil diaphragm 
of a loud-speaker 

The especially prepared strong permanent magnet has a field wluch is concen- 
trated on the moving coil The section of the coil and its supports are shou n in 
Text-fig l(o), (6) and (c) It is built up of a light rigid non-conducting material 
and 90 turns of No 36 fine enamelled copper wire are wound round the coil 

From the riui of the coil a fine metal rod is attached at right angles to the cioss 

section of the cylinder The axis of the veitical rod is connected to a small 
lunge joint The remoter end of this lunge is attached to another axis uliicli 
carries a small concave mirror By this special arrangement the forward and 
backward movement of the first axis is converted into a transverse oscillatory 
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moving pliotograpluc film The kymograpli is worked by a special clock work 
constructed for tbe purpose, the speed of wkicb can be varied according to the 
requirement (Text-fig 2) 

(c) The thermicmxc amplifier — The amplifier designed to work with this 
oscillograph follows the most recent Q P P method The amplifier is divided 
into two units The first unit is R C coupbng, and the second is a ‘ B ’ 
class amplifier using ‘ B ’ class valves designed to give a very large maximum 
output — an output much greater than obtainable from any single battery 
valve of class ‘ A ’ type The potentials to be measured are applied to the input 
of the first umt, which consists of three valves in a closed box The output 
of the first unit is connected to the input of the second imit, in which there 
are amplifying valves followed by a driver valve coupled by a special ‘ B ’ 
class transformer and a ‘ B ’ class valve This valve is again coupled to the 
oscillograph cod by means of a matched transformer. 



Text-fiouke z 

optical system -with source of light and photokymograph 


The standing current of a class ‘ B ’ valve is very small, usually 3 milhamps, 
but more current is drawn as needed, when the signal input increases Though ttie 
maximum undistorted output of class ‘ B ’ valve is watts, yet the mean anode 
current over a representative period of use is less than 8 nnlliamps which is sufficient 
to cause a deflection of 10 mm on the kymograph 

The wiring of the amplifier is shown m Text-figs 3 and 4 The values of the 
resistances and condensers are also given The components are of the best quality 
which are used for wireless sets The first amplifier is contained wuthout batteries 
in a case ■which is shielded by means of zinc sheets The terminals of this umt 
are fixed to an ebomte panel The valve holders are of anti-phonic type so that no 
outside mechanical disturbance is conducted through them The shielding is 
connected to the earth The second amplifier is not shielded, and the batteries are 
contained in the same w ooden box where the components are fixed The battery 
supply IS different for the t'w o amplifiers Tlie high tension batteries are accumula- 
tors in the first unit and dry m the second unit In both the amplifiers, valves of 
two volt senes are used In the first unit a Cossor H L 210 is followed by a Mazda 
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H L 210 and by a Cossor P 220 , these three valves together give an amplification 
of approximately 5,616 



+ H T 
output 


- H T 

- L T 
+ L T 


In the second amplifier, as shown in Text-fig 4, the first valve is a metallized 
Mazda H L 2 The next one is a Driver P 220 Mazda and the last one conpled by 
B transformer is a P D 220 valve Its amplification is 4,000 The total effective 
amplification is about 60,000 



Text fioure 4 

Circuit diagram of the ‘ B ’ olas^ seoond_,amplifior 


As there may be various sources of distortion, the magnitudes of these should 
be determined for any amplifier before it can be used with confidence By proper 
use of grid bias the straight line portion of the charactenstic curve can be utilized 
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for working conditions The inter- valve couplings may give rise to some trouble, 
but this can be overcome by careful balancing 


Advantages 

The construction of the apparatus is such that the oscillograph coil is suspended 
freely and thereby permits a large movement of the nurror The fibre that suspends 
the coll responds faithfully up to the ’hmits of audio-frequencies, namely 30,000 
vibrations per second approximately Moreover, the moving coil used in this 
apparatus has this special advantage over the mo\ang iron used in various other 
instruments in this, that the effect of hysteiesis is totally avoided and the residual 
effect IS also negligible 



(«) 



Text fiotoe 5 

(a) Direct electrocardiogram o£ frog’s heart at room temperature 
(25°C ) with the oscillograph 

(5) Direct electrocardiogram of the same mth the string galvano 
meter 


The amplifiers also aie constructed in such a way that it gives an undistortea 
output of 1 25 watt which drives the coil with a great force Practically 
mechanical disadvantages that may ordinarily be present m an instrument of this 
type are overcome the proper balancing of the circuit by impedance matching 
of the valves and coupling de\ ices the time lag is reduced to a minimum of the order 
of 0 0001 second The instrument is moreover electrically unbreakable If an> 
large potential is accidentally apphed to the input, the coil wiU move to a maximum 
position and cannot go further Since the coil is transformer-coupled, and smcc 
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only the variation in the input is induced in it, no direct current flows through and 
thus there is no risk of the coil being burnt 

Nature of records due to action potentials in muscle and nerve • — The oscillcgrap 
records of frog’s heart at room temperature arc given in Text-fig 5 (a) The leads 
were taken from the heart by means of electrodes of very soft silver tapes with 
platimzed points The tissues were placed in a meialUc box, and leads were taken 
through an armoured wire to avoid external electric interferences 

The electrocardiograms by the string galvanometer and by this new oscillo- 
graph, reproduced in Text-fig 5 (a) and (6), show that this instniment is as accurate 
as the string gah anometer and that the time lag due to an impressed potential 
change of heart-beat is Ics? than that ot the string galvanometer Other usual 
featiues arc accurately reproduced 

When any impulse passes along the nerve fibre, its frequency can be recorded 
with this instrument as also its variation with the intensity of stimulus Non- 
polarizable silvei-silver chloride electrodes, prepared according to the method of 
Noyes and Ellis (1917), are used for experiments with nerves If the muscle is 
stretched by means of loads of known quantity the frequency will increase with 
the increase of load (Text-fig 6) If any drug acts on the nerve or muscle then the 



Text figuee (i 

Record of afterent impulses from a stretched muscle 
at room temperature (26‘’C ) and constant humidity 


change of frequency in impulse can be recorded The apparatus as designed can be 
utilized for studying the minute electrical changes induced by drugs or toxins m 
the nerve or muscle tissue "Whether the drug acts on the nerve itself or on the 
muscle fibre or in the central nervous system can be directly ascertained with the 
help of this instrument The sensory and motor impulses can also be detected 
and recorded, in fact any small electrical change in tissues can be studied in 
detail 


Summary 

The description of an improved type of oscillograph, electrically unbreakable 
is given , the circuit of an up-to-date amplifier is also included The adjusted 
Valves give sufficient amplification for recording nerve impulse Minute changes 
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of electric impulses induced by the action of drugs in nerves and muscles have been 
accurately recorded by this new apparatus 
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Monnga plerygosperma belongs to tbe Natural Order Moringese It is a decid- 
uous tree with small wbite or red flowers and cybndrical frmts vatjung in length from 
6 inches to 2 feet The leaves, flowers and fruits are eaten as vegetables It grows 
wild m the sub-Himalayan tracts and is a very common plant almost in every 
part of India and Burma Its vernacular names are Sahjna in Hindi, Sajina in 
Bengali, Murungai in Tamil, Da-tha-lwon in Burmese and Sobhanjana in Sanskrit 
The two varieties of the tree are distingmshed by the white and red colours of 
their flowers 

Almost all parts of the plant, e g , root, bark, gum, leaf, flower, and seed, have 
been used for various ailments in indigenous medicine The detailed description 
of the botamcal characters, distribution, medicinal uses and pharmacological 
action have appeared in a previous commumcation by Chopra et al (1932) The 
present paper deals with the results of the chemical examination carried out with 
the bark of the white-flowered variety of the plant A few mistakes which appeared 
in the previous paper in connection with the chemical investigation have also been 
corrected 

Previous investigators only deal with the oil obtained from the seeds Accord- 
ing to Cloez, the seeds contain 36 2 per cent of an oil known as Ben oil, having a 
specific gravity of 0 912 to 0 916 , the oil does not turn rancid and is, therefOTe, 
much valued by watch makers as a lubricant The oil is also highly esteemed by 
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perfumers owing to its groat powei of absorbing and retaining even tbe most delicate 
odours The tree grows extensively all over India and the seeds can be collected in 
enormous quantities during March and Apiil The seeds are rich in oil which can be 
easily expressed By a little attention and a small outlay of capital India may 
easily and profitably supply the whole world with Ben or Moringa oil The gum 
exuded from the bark may also find a suitable economic use 


Experimental 


The fresh bark when dried in the air lost about 72 per cent of its weight 
For a preliminary examination 50 grammes of the air-dried, powdered bark was 
successively extracted with petroleum ether (b p 36°C to 60°C ), sulphuric ether, 
chloroform and absolute alcohol in a glass soxhiet The extracts were freed 
from solvents, dried and weighed Petroleum ether 0 71 per cent , sulphuric ether 
6 47 per cent , chloroform 0 68 per cent and absolute alcohol 2 17 per cent Tlie 
chloroform and alcoholic extracts gave reactions for alkaloids 

For a more systematic examination, 500 grammes of the drug were placed in a 
large extraction apparatus and extracted with the above solvents in succession 
The petroleum ether extract was found to contain some fixed oil, traces of an 
essential otl and a 'phytosterol The sulphuric ether extract was found to contain 
some organic acids and a waxy substance The chloroform extract gave distinct 
reactions of alkaloids The alcoholic extract was found to contain alkaloids, some 
organic acids and a resin 

An assay of the bark for alkaloids was carried out by different methods and the 
average of four analyses showed the presence of 0 106 per cent of total alkaloids 
The bark which was collected during the lainy season was found to contain as 
low as 0 025 per cent of total allcaloids 


Essential oil — Five hundred and thirty-four grammes of fresh undned baik 
(equivalent to about 150 grammes of dried bark) were distilled in steam and the 
distillate extracted with ether The yield of the essential oil was 0 026 giamme 
and it had a very pungent smell 

Isolation of the total alkaloids — The dry coarsely powdered bark was thoroughly 
exhausted with rectified spirit (95 per cent alcohol) in a glass percolator The 
alcohol was recovered by ^stillation, the last portion being removed under reduced 
pressure The greemsh-black seim-solid residue was extracted with one per cent 
aqueous hydrochloric acid The acid aqueous extract was filtered, partially neu- 
tralized with caustic soda and allowed to settle The clear supernatant liquid was 
filtered and extracted vuth petroleum ether to remove the oily impunties It wa'^ 
then made alkahne with ammonia and extracted repeatedly vuth sulphuric ether 
The ethereal extracts were washed with water contaimng a httle ammonia anci 
then with distilled water It was next dried with anhydrous sodium sulphate and 
the solvent removed The residue was dark-brown and amorphous Tlie aqueous 
solution, which was exhaustively extracted with ether, still gave strong reactions 
for alkaloids It was, therefore, extracted repeatedly with chloroform until the 
aqueous liquid gave onlv a faint reaction for alkaloids The chloroform extract 
was washed, \dried with anhydrous sodium‘'sulphate and the solvent removed The 
residue was olark-brown and amorphous' 
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Sp PAKATION and PUKinCATION or THE BASFS 

The residue from the ethereal extract was dissolved in absolute alcohol and 
neutralized with alcoholic hj'drochloric acid The solution was evaporated to 
dryness The residue was waslied with petroleum ether, ether and benzene, which 
remo\ ed ver} little of the impurities The dry residue of ti' hydrochlondes was 
next boiled with anhydrous chloroform which removed most of the colouied 
substances leaving behind a colourless crystalline residue The amorphous alkaloidal 
residue from the original ehloroforni extract ivas also similarly treated The total 
hydrochlondes w ere thus divided into tw o fractions, one soluble in chloroform and 
the other not Tlic hydrochloride of the chloroform-soluble base was, however, 
almost wdioll}’’ soluble in chloroform The hydroohlonde insoluble in chloroform 
was dissolved in absolute alcohol and the solution was allow^ed to evaporate slowly 
The crystals which separated were dissolved in a small quantity of absolute alcohol 
and precipitated with a mixture of chloroform and ether The substance was 
finally re-crystalhzed two or three times from absolute alcohol, until the melting- 
point remained constant In the previous communications it was reported as an 
alkaloid and provisionallv designated as Moringine In view, however, of the more 
detailed chemical analvsis and determination of the molecular weight and compara- 
tively feeble pharmacological action the name may better be dropped while retaining 
the name Moringininc for the active alkaloid 

For the isolation of a larger quantity of the bases we had three maunds of the 
dry bark extracted in a local factory The lesidue from the alcoholic extract weighed 
3 lb 12 oz The yield of the bases was very much smaller (20 grammes) but a 
subsequent extraction in the laboratory gave about 21 grammes of the total 
hydrochloride and 13 grammes of the crystalline hydrochloride from 20 kilos of 
the bark 

Properties and reactions of the hydrochloride and other derivatives of the isolated 
base — The hydrochloride crystalhzed in white glistening plates melting at 264 4°C 
It was freely soluble in water and alcohol but almost insoluble in ether and chloro- 
form Its specific rotation was -1-18° (0=5, m water) 

It did not give any colour reactions with strong acids With Mayer’s reagent 
it gives a white precipitate only in strong solutions With Kraut’s reagent it gives 
an orange precipitate, vath phosphomolybdic acid a lemon-yellow precipitate, with 
phosphotungstic acid a white precipitate and with alcohohe mercuric chloride 
colourless long flat needles 

The picrate formed vellow woolly crystals insoluble in water but fairly soluble 
in alcohol, m p 195°C 

The aurichlonde, obtained from a concentrated aqueous solution of the hydro- 
1 °?!^^ with 10 per cent aqueous gold chloride, formed yellow hexagonal plates 
soluble in excess of water and freely soluble in alcohol, m p 170 8°C 

, ^he platinic chlon^, obtained from a concentrated aqueous solution of 
ttie hydiochloride with* 10 per cent aqueous platinic chloride, formed yellow 
rectangular pnsms which are fairly soluble in water and freely soluble in alcohol. 

The base isolated from the hydrochloride was a hqmd 
Mr 
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The elementary analysis of the crystalline hydrochloride gave the following 
results — 

Carbon percentage found 58 96, 58 52, 58 73, 58 72 , average 68 74. 
Hydrogen percentage found 7 43, 7 37, 7 22, 7 34 , „ 7 34 

Calculated for C7H9N HCl C 58 63, H 6 97 
Percentage of Cl in liydrocbloride 24 71, 24 68 

(Calculated for C7H9H HCl 24 73 per cent) 

Percentage of N found 9 94, 9 94 

(Calculated foi C7H9N HCl 9 76) 

Molecular weight obtained from analysis of the platinic chloride lOG 8, 107 3 
Molecular weight obtained from analysis of the gold chloride 111 9, 112 2 
Molecular weight calculated for C7H9N HCl 107 0 
The compound on heating decomposes and emits a smell of pyndine 
From the various analyses and deterrmnations of molecular weight, the 
compound appeared to be a simple base with a low molecular weight and is probably 
either a derivative of pyridine or one closely allied to the ephednne group of 
bases It showed a feeble pharmacological action 

Isolation and properties of the second active base, designated as Moringinine — 
The non-crystallizable hydrochloride which was separated from the total hydro- 
chloride with boiling chloroform was allowed to crystallize after removal of the 
solvent As this did not crystallize even on long standing, it was further purified by 
dissolving in a small quantity of cold water, filtering and shaking successively with 
petroleum ether, benzene and ether None of these solvents could remove an}' 
impurities It was, therefore, made alkaline with caustic soda and the base extracted 
with chloroform The solvent was recovered and the base was obtained as a light- 
brown liquid No crystals separated from the liquid even on long standing in 
vacuum Attempts were made to crystallize the salts wuth hydrochloric, nitric, sul- 
phuric, phosphoric and tartaric acids but none crystallized The salts gave strong 
reactions of an alkaloid with almost all the common alkaloidal reagents Picric 
acid, platimc chloride and auric chloride produced yellow amorphous precipitates 
As the quantities of the second base were very small no further chemical 
investigation could be carried out It showed strong phaimacological action even 
several months after its preparation 


' ' Summary 

Two bases were isolated from the bark, the total amounting to about 0 1 per 
cent The method of isolation and separation is described in detail The one 
whose hydrochloride crystallized out has a simple structure and a low molecular 
weight The properties of some of the derivatives are described It had only a 
feeble pharmacological activity The base whose salts could not be mystallized 
had a strong pharmacological action resembling that of adrenaline Besides the 
bases, there were traces of essential oil, fixed oil, phytosterol, w^axes, resins and 
orgamc acids 
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In a previous paper (Alimad, 1936) the chemical method for the estimation of 
vitamin C according to the technique of Tillmans as improved by Hams and his 
colleagues was studied, and it was shown that the method is of practical value for 
the assay of vitamin 0 in vegetable foods Indeed it cannot be claimed that the 
method is specific, as in some tissues unknown reducing substances may be encoun- 
tered which may interfere with the chenucal estimation But now substantial 
evidence is available that the values obtained by the chemical method agree 
generally with those obtained through biological tests 

The chemical method has simplified very much the assay of vitamin C in 
natural foods The biological method is long and tedious and does not give 
strictly quantitative values in the sense that the results cannot be expressed in 
numerical form The values may vary according to the basal diet employed and 
the length of the test, and unless a large range of doses is tested the results are 
merely quahtative 

In this paper the vitamin 0 values of some of the common Indian fruits, 
yegetables and pulses as determined by the chemical method are described and 
further evidence is presented that these values agree with their reputed anti- 
scorbutic values within practical limits 


Expebimentab 

The vegetables examined were usually the locally produced varieties They 
purchased from the'market and an attempt was made to obtain them 
in a fresh, young and healthy sound condition "Wlien more than one variety is 
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available, the results refer to the more common and popular vaiiety though often 
more than one variety was examined Tlie frmts available in the Calcutta 
markets come from all over India and are even imported from abroad Usually 
the Indian-grown frmt was exarmned and care was taken to obtain samples from 
fresh healthy lots In some cases, no doubt, the freshness of the sample could 
not be ascertained 

Ten grammes of the vegetable tissue were thoroughly macerated and ground 
up with pure sand and 6 25 c c of 20 per cent trichloracetic acid The extract was 
made usually in the cold, except in some kinds, for example cabbage, where it was not 
possible to extract the full amount of vitamin by cold extraction The extracts 
were filtered through several layers of muslin and made up to 25 c c with water, 
and titrated against a standaid solution of the indicatoi with the minimum loss of 
time 

The standard solutions of the indicator were made by dissolving 20 mg of 2 6 
dichlorophenolindophenol in 10 c c of water The solutions weie standardized 
against a standard solution of pure ascorbic acid which had been previously standar- 
dized with 0 01 N iodine The solutions of the indicator were made fiesh twice a 
week and stoied in the refrigerator 

In all cases the extracts were titrated against a known volume of the indicator, 
usually Olcc tolOcc depending upon the potency of the extract Theresults 
are calculated as mg of ascorbic acid per 100 g of the vegetable 

The results are shown in the following Table The first column shows the 
common name of the fruit or vegetable which was examined, the second the ascorbic 
acid value in mg per 100 g as estimated by the chemical method In the third 
column are given the reputed anti-scorbutic values of the frmt or vegetable as 
determmed b^y the biological technique These are also expressed in mg per 100 g 
vegetable In the last column is shown the reference to the author from whose 
pubhcation the biological value is taken — 

The calculations of the results of biological tests in terms of ascorbic 
acid have been made on the basis that the average mimmum dose of ascorbic 
acid to protect a guinea-pig weiglung 300 g to 600 g over a ninety-days’ period 
IS 0 75 mg per day Investigators who have attempted to ascertain this 
minimum dose have given values ranging from 0 5 mg to 1 0 rag per day 
A careful and critical perusal of the literature on this subject, however, shows 
that 0 5 mg per day is too low and that 1 0 mg per day is too high It appears 
that the average figure 0 75 mg per day represents a bettor approximation to 
the true value 

It may appear unjustifiable to express the results of biological tests in 
the form of numerical value, and especially to place the results of tests carried 
out as early as 1912 when the problems of nutrition with regard to the accessory 
food factors were not quite so well understood, side by side with thosvj obtained 
mth the help of modern techmque As a matter of fact the biological technique 
of vitamin C estimation has undergone very httle change, as a result of our 
increasing knowledge, since the days of 1912 when Holst and Frolich (1912) 
first produced experimental scurvy in guinea-pigs liy feeding them on bran 
and rolled oats 
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The vi(a7mn C value of vegetable food<t 


Columns 

— 1 

2 1 

i 

3 

4 

Number 

Nutnc of food slufT 

1 

1 

Ascorbic acid 
ns estimated 
clicnucnllv, 
mg pet 100 g 

Ascorbic aoid 
calculated from 
the reputed 
anti scorbutic value, 
mg per 100 g 

Referonoo to the 
biological value as in 
Column 3 

T VEorTAunrs — 


! 


1 j 

Potato 

12 50 

Cooked 3 76 

Holst and Proljch (1912) 

1 



Cooked 3 76 

Chick and Rhodes (1918) 




Ran 7 60 

Givens and McCliigage 
(1920) 

2 

Coloiy 

1 

2 00 

j 


3 

Onions — 

young and fresh 

10 50 




stored 

traoo 



4 

Garlic — 
stored 

i j 

62 



5 

Carrots 

06 

Cooked 3 0 

Hess and Unger (1919) 

6 

Raddiali — 
root 

40 0 




young leaves 

113 8 



7 

Turnip 

28 0 



8 

Cahbago leaves 

40 6 

Leaves 37 6-60 0 

Del! (1918) 




„ 37 5-60 0 

Delf and Skelton (1918) 

9 

Lettuce 

<0 6 



10 

Spinach 

316 



11 

Tomato — 
jmoo 

26 9 

Juice 26 0 

Sherman, La Mer and 
Campbell (1921, 1922) 




Juice 19 0 

Hess and Unger (1918) 




Whole 18 76 

House, Nelson and Haber 
(1929) 




Juice, Eng 37 6 
lish 

Delf (1924) 


1 


Juice, S Afr 18 76 

Delf (1924) 
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The vitamin C value of vegetable foods — coutd 


ColumiiB - 

- 1 

2 

3 

4 

Numoer 

Name of food stuff 

Ascorbic acid 
as estimated 
chemically, 
mg per 100 g 

Ascorbic acid 
calculated from 
the reputed 
anti scorbutic value, 
mg per 100 g 

Reference to the 
biological value as in 
Column 3 

I Vkqeta: 

BLBS — contd 




12 

Cucumber 

69 

76 

Embrey (1923) 

13 

Pumpkin 

1 1 

76 

Wats and White (1931) 





Wats (1929) 

14 

Brmjal 

1 22 5 


• 

15 

Cauliflower 

5 9 

• 


16 

Lady’s Finger 
(Bhindi) 

17 0 


• 

17 

Patol . 

13 1 

• 


18 

Karela 

610 

1 

• 

19 

T6ri . . 

12 3 

* 


20 

Red pepper — 
fresh, green 

46 6 

83 3 

Qmnn, Burtis and Milner 
(1927) 


a local Tanety 

34 0 

Juice of Hun* 200 0 
garian Paprika 

Svirbely and Szent- 
Gyorgvi (1933) 


another variety 

11 7 




large, hillv 

65 6 



21 

Soya leaves 

33 3 



22 

Dhanya leaves 

34 7 



23 

Mint leaves 

Deficient 



24 

Indian com — 
young cobs 

8 06 


« « 

25 

Peas — 
fresh, green 

7 26 



26 

French beans — 
fresh, green 

26 



27 

Squash 

2 6 


• 
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The vitaimn G value of vegetable foods — coutd 


Columns 

— 1 

2 

3 

4 

Number 

Nnmo of food stuff 

Ascorbic aeid 
ns estimated 
chomionlly, 
mg per 100 g 

Asoorbio noid 
calculated from 
the reputed 
anti scorbutic \aluo, 
mg per 100 g 

Reference to the 
biological value as in 
Column 3 

I VEflETAELES— coneW 




28 

Ginger — 
root 

00 



29 

Vegetable marrow 

17 8 

1 

60 

Wats (1020) 

30 

Mango — 
green 

1 

32 i 

1 



II FEnETS — 




31 

Orango- 

jmeo 1 

312 

Juice > 25 0 

Chick and Rhodes (1018) 


(a medium size ! 

orange 166 c o 
jui^e 60 2 mg 
asoorbio acid) 1 


„ 50 0 

„ >25 0 

Delf (1926) 

Eddy (1929) 




„ 60 0 

[ 

Eavey (1921) 




„ Jaffa 60 0 

Bracewell and Zilva 
(1931) 


1 


„ Indian 7 6 

Wats and White (1931) 

32 

1 

Orange — 
peel 

12 



33 

Tangerine — 

Nagpur 

316 



34 

Lemon — 
juice 

38 6 

Juice 60 0 

Chick, Hume and Skelton 
(1918) 


(a medium size 

lemon 6 7 mg 
ascorbic acid) ^ 


„ 60 0 

„ 50 0 

Davey (1921) 

Delf (1926) 

35 

Lime — 
juice, fresh 

16 8 

Juice 16 0 

Davey (1921) 




„ 16 0 

Chick, Hume and Skelton 
(1918) 




„ 16 0 

Wats and White (1031) 
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The vitamin C value of vegetable foods — contd 


Columns - 

— 1 

2 

3 

4 

Number 

Name of food stuff 

Ascorbic acid 
as estimated 
chemically, 
mg per 100 g 

Ascorbic acid 
calculated from 
the reputed 
anti scorbutic value, 
rag per 100 g 

Reference to the 
biological value as in 
Column 3 

II Pbuits 

— contd 




36 

Sweet lime — 
juice 

31 2 

Juice <15 0 

Wats and White (1931) 


a Bombay variety 

58 8 



37 

Chakotra — 
pulp 

56 8 




juice 

71*4 



38 

Grape fruit — 
juice 

(one fruit 215 c c 
juice 67 08 mg 
ascorbic acid) 

31 2 

B Honduras 50 0 
and S Africa 

Bracewcll and Zilva 

(1931) 

39 

1 

Mango — 
ripe fruit pulp 

13 0 j 

75 

Wats and Eyles (1932) 


another graft . 

15 3 



40 

Papaya 

48 1 

>150 

Miller (1926) 

41 

Pine apple 

28 5 



42 

Leeohi — 

Bengal 

48 0 




Mo/affarpur 

25 0 

1 



Bengal 1 e e c h i s 
after storing at 
O^C for 35 days 

(9 5 Icechis give 
100 g pulp) 

44 0 



43 

Apple 

0 1 

<2 5 

Holst andPrdlich (1912) 




Juice 1 1 

Robinson (1919) 


Kashmir 

25 

1 68 

Givens, McClugago and 
van Horne (1922) 




Bramley’s 

Bcedluig 25 0 

Braccirell, Hoyle and 
Zilva (1930a) 









B Ahmad 


796 


The vitamin C vahic of vegetable foods — contd 


Ckilumnii - 

1 

o 

3 

4 

Number 

Nnmo of food b1u(I 

Ascorbic acid 
ns cstiuiated 
chcnnonllv, 
mg per 100 g 

Ascorbio acid 
calculated from 
the reputed 
anti scorbutic value, 
mg per 100 g 

Reference to the 
biological value as in 
Column 3 

II FnuiTS- 

—conetd 


Other vnric 
tics 3 76 

-15 0 

C 

Bracowell, Hoyle and 
Zilva (19306) 

1 

44 

Guavas — 
pulp 

90 0 


>7 6 

Bracewoll, Kidd, West 
and Zilva (1931) 

Embrey (1923) 

4b 

Banana pulp — 
j ollow 

<10 

1 

Pulp 

7 5 

Eddy (1929) 





5-7 5 

Lewis (1019) 


red 

1 4 

>> 

75 

Givens, McClugage and 
van Horne (1922) 


green 

21 

Indian 

7 6 

Jansen and Douath (1926) 




Yellow 

15 0 

Eddy and Kellog (1927) 




Ind vcllow 

15 0 

Wats and White (1931) 




Red 

75 

Wats and Eyles (1932) 




Green 

<5 0 

Wats and Eyles (1932) 




Yellow 

30 

Embrey (1923) 

46 

Grapes 

<10 


<3 6 

Ohick and Rhodes (1918) 

47 

Melon 

2 0-12 0 




48 

Water melon 

<10 




49 

Pears 

<10 




60 

Peaches 

10 




61 

Plums (aluoha)— 
yellow orange 

<0 5 




62 

Greengages 

<0 6 




53 

Pomegranate — ■ 
juice 

(a medium size 
pomegranate 97 
c 0 juiee 16 1 mg 
ascorbio and) 

16 6 

Jmoe 

16 0 

Sherman (1929) 
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The vitamin G value of vegetable Joods — contd 


Columns 

— 1 

2 

3 

4 

Number 

Name of food-stuff 

Ascorbic acid 
as estimated 
chemically, 
mg per 100 g 

Ascorbic acid 
calculated from 
the reputed 
anti-scorbutii. value, 
mg per 100 g 

Keference to the 
biological value as m 
Column 3 

r 

II FKUtTS — condd 




54 

Bael 

7 6 


• 

65 

Jaman 

(20 jamans give 
100 g pulp) 

83 



56 

Coco nut, greer — 
pulp 

34 


• 


Water from fresh — 
green 

166 




Water from ripe i 

(water m one green co 
00 nut = 224 o o 
— 3 72 mg of 
ascorbic acid) 

60 

i 

1 


67 

Chico 

26 

Pulp 7 6 

Embrey (1923) 

in Legumes a?id Dals — 




6S 

Mung, green — 
dry seeds 

30 




sprouted 

23 0 

Sprouted 15 0 

Santos (1921) 




„ 25 0 

Wats and Eyies (1932) 





Wats and Wodehouse 
(1934) 

59 

Mung, black — 
drj’- seeds 

27 




sprouted 

10 5 

Sprouted 18 76 

Wats and Eylcs (1912) 

60 

Mung, brown — ' 

dry seeds j 

23 




sprouted 

11 7 



61 

Gram — 

white (Kabuli) . 

dry seeds 

30 



! 

i 

1 

1 

sprouted [ 

» 

73 














B Ahmad 


797 


The vitamin C value of vegetable foods — conoid 


ColnranB 

— 1 

O 

3 

4 

Number 

Nnmo oi foovl Bluft 

\scorbio neid 
ns estimated 
chcmicnUv, 
mg per 100 g 

Ascorbic noid 
calculated from 
the reputed 
finti scorbutic value, 

[ mg per 100 g 

Befercnco to the 
biological value as in 
Column 3 

LrouMia asd Dals — concU 



i 

62 

Gram, brov. n — 1 

1 dry Bcods 

25 

i 



1 1 

1 sprouted 1 

78 

1 


03 

Lentils (Masnr) — 
dry seeds 

30 




sprouted 

15 0 

Sprouted IB 0 

Chick and Dell (1019) 

04 

Peas — 
dry seeds 

27 




sprouted 

91 

Germinated 15 0 

Chick and Dell (1919) 

05 

Beans — 
dry seeds 

125 




sprouted 

14 2 




CONCL-OSIONS 

A striking agreement between the values obtained by the chemical method and 
those of biological tests becomes apparent even from a superficial examination of 
the Table Such variations that appear are natural, as fruits and vegetables must 
indeed be expected to vary considerably in their content of the anti-scorbutic vitamin 
according to their freshness and age Since the biol ogical test depends upon feeding 
a vegetable over a period of 2 to 3 months, there are obvious difficulties in obtaining 
Mat vegetable in an equal state of freshness from day to day for feeding purposes 
the biological test itself cannot possibly detect small differences in value Several 

of the investigators quoted have not examined a sufficient range of doses to justify 
the results of their studies being expressed in numerical form In most of these 
cases if a lower dose had been tested it might possibly have been found to be active 
ilius, wherever a critical examination shows that a sufficient number of doses was 
aot tested, and other evidence is available in favour of a value varying rather widely 
quoted, the mathematical sign ‘ > ’ (greater than) has been put against 
hat figure to denote this fact Taking these facts into consideration, the agreement 
etween the values obtained by the two methods is indeed very close Further 
support IS thus available for the view that the chemical method is of practical 
alue for the vitamin C assay of food-stuffs 
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Among the interesting facts that emerge from a study of the Table are the 
unexpectedly high anti-scorbutic values of some of the Indian fruits and vegetables 
Raddish leaves, largely eaten by the poor population of India, are exceedingly rich 
Karela, another favourite vegetable, is a rich source Certain varieties of red 
pepper, brinjals, soya and dhanya leaves show high values On the other hand 
examples of poor vegetables may be found in the pumpkin and the cauliflower 

Among the fruits the citrous family in India might appear to be somewhat 
poorer than its Western varieties Indeed such an impression has been created 
through some of the studies on Indian frmts (Hams, 1933) We have examined a 
large number of Indian oranges, tangerines, limes and sweet hmes Their vitanun C 
values ranged from 30 mg to 40 mg of ascorbic acid per 100 c c of ]mce For the 
sake of comparison, we, at the same time, exanuned a number of imported oranges, 
namely, Jaffa, Cahforman ‘ Sunkist ’, and the Australian But no higher values were 
obtained even for those We ascribe these rather low values to the conditions of 
storing in the moist and hot climate of Calcutta, rather than to the soil and the 
environmental conditions which would not affect the vitannn C content to the same 
extent as the observations of some of the investigators in this field might appear to 
suggest 

Some of the Indian fruits which have been found to show unsuspectingly high 
values for vitanun C are the papaya, pine-apple, guavas and leechi Of these, the 
first-named three are cheap fruits and within the reach of the poorer classes Apples, 
bananas, melons, pears, peaches, plums, grapes, greengages, and chico have appeared 
to be rather poor 

The study of legumes and dais confirms the well-known fact that they are poor 
in the dry condition but develop the vitamin on germination Green mung appears 
to develop the greatest amount of anti-scorbutic vitamin after sprouting Lentils, 
beans also show a greater increase in their value than gram, peas, masur and other 
pulses, though all of them showed appreciable increase 

It appears that the anti-scorbutic vitannn tends to dimimsh on allowing the 
gernunation to proceed for a long time The highest figure for ascorbic acid seemed 
to reach even after 24 hours’ germination under the climatic conditions of the 
Calcutta rainy weather Forty-eight hours later the ascorbic acid was always 
found to be rather less and decreased rapidly after that No explanation can be 
offered for this observation at the present stage of investigation 

I wish to express my deep indebtedness to Professor H Ellis C Wilson for his 
constant help, interest and criticism throughout the course of this investigation and 
to the Director, All-Tndia Institute of Hygiene and Public Health, for permission 
to publish these results 
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This paper is raainlv concerned with the re atively high degree of allergy to 
pulmonary tuberculous infection shown by adult indigenous inhabitants of the 
Puniab and with the fact that many such adult cases present features characteristic 
of the disease in childreniu Western countries The obsei^ ations were made m the 
Mayo Hospital, Lahore, an institution contaimng over 400 beds, of w^ch 20 are 
reserved for adult cases of pulmonary tuberculosis Tuberculous patients, hhe 
others, come from all parts of the province and sometimes from outside it, and are 
usually admitted in a more or less advanced stage of the disease In all admit e . 
cases the sputum contains tubercle bacilli As post-mortem examinations are 
rafely obtained these observations are necessarily incomplete but they are rounded 
on patients who remained a sufficiently long time in hospital to enable an estimate 
to be made of the rate of progress of the disease and of the nature of the disease 
process 


Although tubercle baoilh may on occasions reach the lungs and tracheo-bronchial 
glands via the lymphatics or the blood 'Stream, it is now generally agreed that 
fibro-caseous pulmonary tuberculosis results chiefly from air-borne infection 
Intra-thoracic disease has been experimentally produced in animals by way of the 
lymph stream and alimentary canal but, as Parsons (1*134) points out, much larger 
doses of bacilli are neces'sary for infection by these routes than by the air passages 
Ghon (1912) showed that primary infection of the lungs in children gives use to a 
proliferative lesion which may be so small as to be overlooked or as large as a 
greengage plum Erom this lesion micro-orgarasms travel along the lymphatics 
to the regional lymph glands which become inflamed and may undergo caseation 
Such a seq^uence of events is sometimes referred to as ‘ Ranke’s primary complex ’ 
Enlarged tuberculous tracheo-bronchial and mediastinal glands may be found 

( 801 ) 
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post-mortem in patients who showed no evidence of pulmonary tuberculosis dunng 
life and no significant pulmonary lesions at autopsy, the initial focus having produced 
no symptoms and left little trace behind Ghon’s primary tubercle, as it is called, is 
usually situated at the periphery of the lung close to the pleural surface When the 
intra-thoracic glands become involved there may be fever and other indications of 
toxaemia Recovery from this condition usually occurs but if the infecting dose 
of bacilli IS large oi if the patient’s resistance is low (as may be the case after a 
debilitating disease like whooping cough), instead of healing a rapid spread, 
or even generalization, of the infection ma}’^ take place Except when this 
happens a high degree of allergy develops in a few weeks and the tuberculin tests 
become positive 

If in the allergic condition the lungs become infected the lesions are surrounded 
by an inflammatory reaction (pen-focal pneumoma) v’hich, although harmful to the 
tissues, tends to destroy the invading organisms Exudative phenomena charac- 
teristic of the ‘ secondary tuberculous state ’ also sometimes occur Exudations 
may take place into the lung tissue givung rise to what is called epituberculosis, 
into the plcuial cavity or between the lobes of a lung Other manifestations of 
allergy are phlyctenular conjunctivitis and erythema nodosum When a person 
who has passed through this stage develops pulmonary disease in later hfe as 
a result of exogenous or endogenous re-infection there is an early tendency to 
locahzation by fibrous tissue, unless the infection is a massive one from erosion 
of a gland mto a bronchus or from widespread dissermnation through the blood 
stream Locahzation indicates the development of immunity (the tertiary 
tuberculous state) and the locahzed disease is referred to as the ‘ adult ’ type of 
pulmonary tuberculosis 

Although allergy and immumty are often present together, both being produced 
by the umon of antigen and anti-body (Topley, 1933), Rich (1933) has shown that 
they are not interdependent and that it is possible to separate them His work 
indicates that the ‘ necrotizing inflammatory type of hypersensitiveness ’ which is 
called allergy, far from being a mechamsm of immumty, is a harmful process In 
the immune non-allergic ammal infection is overcome with a small amount of tissue 
reaction Rich states that ‘ it is especially noteworthy of comment that in all of oui 
various experiments in which allergy has been excluded the most striking charac- 
teristic of acqmred immumty has always been the remarkable indifference of the 
tissues to the infecting bacteria v\ hich are undergoing destruction This is exactly 
the state of affairs which obtains in natural immumty ’ Sabin et al (1933) showed 
that rabbits rendered allergic to tuberculin by treatment vith large doses of punfied 
tuberculo-protein develop no immumty to mfection with vurulent tubercle bacilli 
On the contrary, the duration of life after infection was shorter in such ammals 
than in controls and the disease was more extensive and caseation and necrosis 
more intense 

The reaction of the lung, therefore, to tubercular infection depends not 
only on the size of the infecting dose and the natural resistance of the host 
but on the reactivuty of the tissues, that is, on the relative development of 
allergy and immumty In Western countries the allergic state is chiefly 
associated with tuberculosis in childhood, while the immumty reaction is mainly 
seen in adults Wood (1933) has represented diagrammatically in the follouang 
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mauucr the probable course of events following primary infection of tbe lungs 
inclulclhooa — 


lymph stream 

Primary focus ^ Hilnr glands x Arrest 


lymph stream 

Primar\ focus x TTilar glands 



Lethal invasion of the blood 


Death 


Disseminated exudative lesions 
by blood stream x Arrest 


lymph stream 

Primary focus llilar glands x Arrest Re infeotion (e\- 


ogenons or endogenous) ^ Local disease of 

lungs (phthisis) 


The same author classifies the oluldhood types of intra-thoracic tuberculosis 
into (o) a berugn group, viz , epituberculosis with tubercular adenitis, ‘ chrome 
nuhary tuberculosis ’ (wluch may be associated witb epituberculosis) and tubercular 
pleurisy witb effusion , and ( 6 ) a seveie group, viz , acute miliary tuberculosis and 
tuberculous bronebo-pneumoma Parsons {loc cit ) also emphasizes tbe fact that 
pulmonary tuberculosis in cluldbood may be either bemgn or severe in character 
It 18 well known that in tropical races tubeiculosis is often of tlie childhood 
type and this is sometimes attributed to absence of infection in early life and 
couseq[uent non-development of iramumty The seventy of the disease in wild as 
compared with domestic animals is said to be due to tbe same cause That this is 
not, however, the sole explanation, at least as far as human races are concerned, is 
apparent from some recently pubhshed data Thus, although tuberculosis among 
adult South African negroes is apt to be severe and generabzed, infection in childb ood 
18 quite common m native villages Puitber, in tbe adult American negro tbe 
childhood type of disease is prevalent and the disease is on the whole more severe 
than it IS in the white American, yet tuberculin tests indicate the same degree of 
infection in early life among coloured as among white races No satisfactory 
explanation of these phenomena has been offered It has been suggested that 
acc^ed immumty is more frequently inherited among whites but there is little 
evidence to support this The hypothesis that the difference between tbe races is 
genotypic is one that is difficult to prove but is tbe one adopted by Pinner and 

Aasper (1932) who have made an extensive study of tuberculosis in tbe American 
negro 

In the study and diagnosis of the childhood types of intra-thoracic tuberculosis 
A-rays are especially necessary Physical signs may be of bttle use and svmptoms 

MR ^ /j 
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are not charactenstic Without skiagraphy and examination of the sputum, when 
available, many cases may go undiagnosed altogether, and in patients with obvious 
tuberculous lesions of the lungs X-rays usually show much more extensive involve- 
ment than can be detected by ordinary methods of exanunation 

A study of the adult cases of pulmonary tuberculosis adnutted to the Mayo 
Hospital, Lahore, reveals the fact that the majority shows a greater degree of 
allergy than do corresponding cases in the West Thus parenchymatous exudative 
lesions of a temporary nature may be associated with structural changes and 
it 13 not until the former clear up that the real extent and degree of the latter 
become evident Plate XXXII, figs 1 {a) and 1 (6), illustrates the almost 
complete disappearance in 2|- months of a sharply demarcated area of consoli- 
dation (epituberculosis) in the upper lobe of the right lung revealing a chrome 
underlying lesion The patient was a female aged about 30 The temperature 
ranged from 99°F to 101°F and the sputum contained tubercle bacilh m moderate 
numbers The wedge-shaped opacity seen in Fig 1 (&) between the upper and 
middle lobes is probably due to the persistence of a small amount of exudate 
In some cases a more or less triangular area of disease, which seems to have 
extended outwards from a mass of enlarged loot glands, giadually contracts 
from without inwards leaving a residue of ‘ hilar tuberculosis ’ Occasionally, how- 
ever, this area persists or extends further and caseation with cavitation and 
perhaps general dissemination may occur Plate XXXIII, fig 2, is from a patient 
of this type There was extensive breaking down of the middle of the left lung with 
a more or less exudative lesion at the apex of the right The temperature ranged 
from 102°F to 105°F and the progress of the disease was rapid Symptoms of 
abdominal tuberculosis eventually developed An exudate into the pleural cavity 
analogous to the pulmonary exudate in epituberculosis would seem to have ocemTed 
in the patient from whom Figs 3 (a) (Plate XXXIII) and 3 (6) (Plate XXXIV) were 
taken In this case there were marked root shadows with erfensions into the lung 
tissue especially on the left side When admitted to hospital the patient was having 
continuous fever ranging from 101°F to 103°F The sputum contained tubercle 
bacilh After a fortmght the temperature fell to 99°F to 100°F and about this 
time fluid was detected in the left pleural cavity The temperature, however, 
instead of rising, fell with the development of the efiusion and reached normal in a 
week 

A type of pulmonary tuberculosis described as ‘ chronic miliary ’ is sometimes 
seen in childhood in Western countries In this condition there is no ciudence oi 
consohdation, the physical signs being diffuse and catarrhal At the onset of the 
disease they may be absent or very shght As a rule there is not much constitu- 
tional disturbance and the disease clears up completely in some cases In others 
it progresses slowly to fibrosis, occasionally with a certain amount of bronchiectasis 
Skiagraphy shows rather fine, woolly stipphng of the lungs, often with enlarged root 
shadows Epituberculosis or pleural effusion may be present Plate XXXIV, 
fig 4, IS from a case that appears to have been of this type The patient, a man 
aged 27, was admitted to hospital with a history of two months’ illness Theie had 
been gradual loss of weight and strength but the symptoms were never severe The 
sputum was copious and contained tubercle bacilh and the temperature ranged 
from subnormal to 99 2°F Diffuse catarrhal signs were present on both sides but 
there was no evidence of consolidation The X-ray picture showed marked 




Tig 1 (6) — Same patient, months later The cpitnbercnlous lesion has 
almost eompletely disappeared A triangular shadon 13 present in the region 
of the septum separating the upper and middle lobes 



Platp XXXIV 



Fi;: C —Male, aged 1C Progressive bilateral disease more intense on 
the left E de 




Plate XXXVJ 
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enlnrgcmout of Hic root glands, moderately fine woolly stippling of botli lungs 
and thickcmug of flie pleura oAcr flic middle of the left lung With rest in 
bed the patient’s temperature came to normal and other signs and symptoms 
gradually disappeared Tlic sputum became smad m amount and free from 
tubercle bacilli 

In some patients with diffuse disease the mottling is much coarsei in type 
than in the chronic miliary cases and is suggestive of a broncho-pneumomc condition 
In these the ph}Sical signs arc well marked Constitutional symptoms are usualH 
severe but arrest of the disease with evtcnsn'c fibiosis sometimes occurs Plate 
XXXV, fig 5, IS from a case of tins nature ivbo was admitted in a very weak state 
with a temperature ranging from normal to 102°F Expectoration was profuse with 
muaorous tubercle bacilli and there were well-marked bionclio-pneumouic signs 
Howev'er, with rest, general sjTnptomatic treatment and eventually sanocrysin the 
temperature settled to normal m the course of two months and the patient left 
hospital much improved with the sputum fiec from tubercle bacilb 

Although eases exhibiting characteristics of the childhood types of pulmonary 
tuberculosis in as marked a degree as those described above ore not very common, 
they ate seen more frequently than those m whom the disease is defimtely ‘ adult ’ 
in type The majority lie between these extremes In them the disease is more 
widespread than it is in the average case of adult tuberculosis in the West and is 
usually bilateral (Plate XXXV, fig 6), the greater part of both lungs being often 
involved Along with tlus there is sometimes a concentration of the disease and 
an attempt at localization m a part of one lung (Plate XXXVI, fig 7) , evidence 
of a transition from the childhood to the adult variety The reaction to infection 
IS, at least in the bcginmng, more intense than in the corresponding Western 
patient This intensity may be maintained with the result that the illness 
runs a rapid course with lugh continuous or remittent fev'^er and extensive involve- 
n^nt and destruction of the lung tissue, or the allergic factor may die out gradually 
after a while and immumty assert itself In the latter case there is widespread 
formation of fibrous tissue (Plate XXXVI, fig 8), the X -ray shadows become less 
dense and the disease is either completely overcome or it enters into a slowly pro- 
pessive stage with low remittent fever, resulting eventually m shrinkage of the 
lungs and some degree of bronchiectasis 

As an injection of tubercubn may produce an evanescent ‘ epituberculous ’ 
condition m individuals who are very sensitive to tuberculo-protein it is possible 
wat many transient lesions of the exudative type are produced by antigens liberated 
worn adjacent foci of infection and contain no tubercle bacilli themselves When, 
nowever, large amounts of antigen in the form of the actual micro-orgamsms are 
constantly present in very allergic tissues a more prolonged and intense inflam- 
^tory reaction occurs, often resulting in tissue deslroction This is what 
nappens mthe early stage of the disease m many of our patients 

It has been noticed that the proportion of severe cases is greater among female 
hospital patients than among male While this may be partly due to the weakemng 
CTOcts of repeated pregnancies and lactation it is probably attributable, to some 
extent, to the fact that women, owing to their secluded methods of bfe, are often 
exposed to more continuous and intense infection than men. 
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As IS to be expected in allergic individuals, many of wliom have a relatively 
low degree of immunity, non-pulmonary tuberculosis is commonly associated with 
pulmonary disease Infection of the lymph glands both superficial and deep is, of 
course, frequent and symptoms of intestinal disease are present in many patients 
Less commonly the larynx, bones, joints, Fallopian tubes and other organs and 
tissues are involved While the intestinal disease may be the result of swallowing 
bacilli -laden sputum or contaminated food, it is probable that most of the comph- 
cating extra -thoracic lesions are due to infection from the lungs tlirough the blood 
stream This may occur while the invasion of the lungs is still small m extent 
Further, X-rays often reveal the scars of healed or qmescent pulmonary disease in the 
presence of active tuberculosis elsewhere The occasional autopsy obtamed shows 
that most patients who die with extensive and progressive lesions in the lungs 
have active tuberculosis in other organs Some indication of the frequency with 
which the lungs are involved is given by the following figures taken from the 
out-patient records of the Mayo Hospital for the years 1929 to 1934 — 

Yearly average number of tuberculous patients with pulmonary disease, 790 6 

Yearly average number of tuberculous patients without detectable pulmonary 
disease, 962 8 (Figures for in-patients are not quoted owing to the hmited accom- 
modation for pulmonary cases ) 

It IS worthy of special notice that tuberculous memngitis is very rare among 
these patients As examination of the cerebro-spinal fluid for tubercle baciUi 
was not done it is impossible to say whether infection ever reached the sub- 
arachnoid space without causing memngeal inflammation It has recently been 
contended (Kich and McCordock, 1933) that infection of the cerebro-spinal flmd in 
tuberculous bacillsemia is generally not sufficiently intense to cause meningitis which 
13 said to result from local tuberculous disease of the brain Tubercle bacilli have 
been found (McGlregor, 1934) in the fluid of tuberculous children with httle or no 
signs of meningeal inflammation and it is probable, in view of the widespread nature 
of the disease in so many patients, that bacteriological examination would reveal a 
similar state of affairs in some of our cases 

It IS not possible from the data available to give even an approximate idea of 
tne prevalence of intra-thoracic tuberculosis among children in the Punjab as only a 
small number of sick children are brought to hospital for medical conditions and very 
few of these have tuberculous pulmonary disease Children and young adults, 
however, constitute a large proportion of admission for non-thoracic tuberculosis 
and there is no doubt that facilities for infection are abundant The occurrence, 
in spite of this, of the childhood types of the disease in adults supports the 
contention that the difference between races in the reaction to tuberculous 
infection in adult hfe is not entirely dependent on the degree of infection in child- 
hood 

In the treatment of these patients considerable use was made of gold prepara- 
tions, especially Sanocrysin The dangers of this method of treatment and the 
importance of small and carefully graduated dosage are well known It is necessary 
to emphasize that gold compounds should not be used when there is any considerable 
degree of allergy but only when the immumty process is gaining the upper hand 
They exert no_;specific effect on the tubercle bacillus, their action being to stimulate 
the natural reparative processes 



807 


T A Hughes 

SuMMAR\ 

A description is gi\ cn of lasos illustrating the occiurcnce of childhood types of 
pulmonar)' tuberculosis among adult indigenous inlnbitants of the Punjab It 
IS pointed out that, while tjpical cases of this kind arc not common, most 
patients show a more intense allergic reaction to infection than do adults in Western 
countries 

Nevertheless, some indication of immunity is ncarh always present and in 
many patients complete arrest of tlie disease oicurs The cause of the intensity 
of the reaction is discussed and it is concluded that it cannot be entirely attnbuted 
to freedom from infection in childhood 

In spite of the frcqiicnc} of wndespread infcetion tuberculous memngitis is 
rare, at least among hospital patients 


Thanks are due to Dr W C K Coombes, Radiologist to the Mayo Hospital, 
who took the skiagrams, and to Drs K T Husain and Sant Ram Dhall, House 
Phj'sicians, for assistance in keeping the records of patients 
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Introduction 

One of the results of the recent haamatological renaissance has been the focusing 
of attention on the extremely unsatisfactory nature of the usual methods both of 
estimating the hemoglobin content of a patient’s blood and of expressing the result 
of this estimation The use of the term ‘ hemoglobin percentage ’, without any 
reference to what is the standard of companson is a curious survival in a scientific 
age British writers whilst being the worst offenders have a better excuse than 
have those in America and other parts of the world, because 13 8 grammes of hremo- 
globin per 100 c c of blood has long been accepted as the ‘ normal ’ in Great Britam 
in other countries figures varying up to 17 3 gra m mes are taken as ‘ normal ’ * 

The only reasonable interpretation of the statement that a person’s hEemoglobin 
IS 100 per cent is that a given quantity of his blood contains an amount of hsemo- 
globin equal to the mean hssmoglobin content of the blood of an infimte number of 
healthy adult males of the same race, bving under the same meteorological 
conditions One cannot, therefore, conceive what was the process of reasomng of 
the writer of the following paragraph, which is quoted from a recent textbook on 

medicine — ‘ The normal blood count of an adult is as follows 

Haemoglobin 80 to 90 per cent ’ 

The only, and the obvious, alternative is to give the haemoglobin content in the 
terms of grammes per 100 c c of blood , this practice is now bemg adopted by most 

( 809 ) 
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American writers, but British writers are hesitating because, they say, chmcians 
have in the past been taught to think m terms of percentages — ^but, we would add, 
percentages of an arbitrary and varying standard This is a defeatist attitude, and 
quite inexcusable 

It is difficult to explam the comparatively low ‘ normal ’ hcemoglobm content of 
blood in Great Britian , there is, however, no doubt that the difference between the 
British and American ‘ normals ’ is real , this difference has led to much confusion in 
the calibration of instruments, but the confusion would never have ansen except for 
the present ridiculous method of recording results, and it could now be almost 
entirely obviated were results expressed in terms of grammes per 100 c c of blood, 
and instruments cahbrated accordmgly 


Methods oe hemoglobin estimation. 

The remedy for the unsatisfactory method of expressing results is comparatively 
simple, but the difficulties arising out of variations in the method of estimating 
hsemoglobin are not so easily overcome In the first place there is no umfonmty 
of opimon as to which particular property of the hsemoglobin should be measured 
The properties that have been measured include the colour, the oxygen-combming 
power, the iron content, and the refractometric index It is assumed that 
hsemoglobin is a fixed molecule and that, therefore, its properties will be constant , 
it should, therefore, not be a matter of great importance which property is 
measured, provided the formula necessary to convert the measurement we make 
into terms of grammes of hsemoglobin has been worked out Chmcal methods of 
estimating hsemoglobin are all colour methods, and, although the instruments 
supphed by good manufacturers should be satisfactory for chmcal work, if any 
scientific investigation is to be undertaken it is imperative that the instruments 
used should be checked by some method that measures one of the other properties 
of hsemoglobin 

Colonmetnc methods — Tlieir number is legion, but those with which we have had 
personal experience can be classified as follows — 

I Direct comparison of colour of undiluted blood against a graduated 
colour standard — 

(o) On special blotting-paper (Tallqvist) 

(6) Between glass-plates (Dare) 

IT Comparison of blood diluted to a fixed percentage against a graduated 
colour standard 

(a) Diluted with sodium carbonate solution and compared ivith a coloured 
glass wedge (Bleischl-Miescher) 

(?)) Diluted with deci-normal hydrochloric acid and compared with a 
coloured glass wedge (Helhge-Neoplan) 

III Comparison of blood diluted to a varying degree with a fixed colour 
standard 

(a) Diluted with watei and compared to a permanent pioro-carmine 
standard (Gowers) 
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(&) Broiiglit into contact ivitli cnibon monoxide, diluted 'witli water, and 
compared rath a permanent coloni standard (Haldane) 

(c) Diluted mtli deci-nomial livdroclilonc acid and compared witli a 
permanent standard of acid liaimatin (Salili),' or a colouied glass- 
block (Hellige) 

IV Comparison of blood diluted with deci-normal bydioebloric arid to 
a feed percentage against a fixed colour standard in a colorimctci of 
tlic Duboscq type 

(«) Water placed in one chamber of the coloiimetcr and a standard coloured 
disc interposed (Non comer) 

(h) Compared with an acid hrematiu solution of known strength 


Discussion 

It will be possible to discuss the advantages and disadvantages of some of these 
methods without going into elaborate details 

I« The Tallqvist is the easiest of all methods, but is the least accurate The 
sources of error are obvious and numerous , they included variations — in blotting- 
paper and its powers of absorption, in the colour standards, in the size of blood 
drop taken, and in the observer’s sense of colour 

Ila The Dleischl-Micscher in the hands of some workers appears to give 
comparatively umform and satisfactory results, but we [the semor writer (LBN) 
in particular] find great difficulty in comparing the intensity of two colours that do 
not match one another Using this instrument under the very best circumstances wo 
found that, though each of us could make five readings that showed httlc deviation 
from their mean, the means of the two sets of readings differed considerably 
Further, we found that in a very short time the colours underwent a very 
marked change so that readings had to be done very rapidly or the time factor 
taken into consideration The Bleischl-Miescher readings that are referred to 
below were made by a colleague who constantly uses this instrument, and wlio 
gets more consistent results than we were ever able to get In each case he 
took 10 readings — 5 in each chamber and his figure was the mean of these 
10 readings 

This inabihty to match depths of colours that are quahtativcly different has 
been our main stumbhng block in all the methods that we have tned, except the 
acid hsematm methods ^ 

The method rV6 in the above classification is one that we hoped would give us 
good results, but we failed to get a standard that would match with our blond 
solutions 

IVa The apparatus of the Newcomer type that we used is a good instrumont 
made by a well-known American firm of opticians, but we found that change in tin 
intensity of the dayhght made great differences to our readings , v/ith artificK.I 
fight we did not get any more satisfactory results Further, the scale is only marke/l 
m grammes, and as the distances between the marks decrease rapidly at the t< 
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of tlie scale, it is difficult to guess fractions of a gramme accurately, especially 
in the higher readings A number of readings were made with this mstrument 
in conjunction with the other methods but, as the results appeared irregular 
and the readings made by different observers showed a wide disparity, they 
are not reported 

IIIc The great advantage in the Helbge instrument is that it is possible to 
match the acidulated blood solution with the fixed standard exactly, and, as the 
latter is made of coloured glass, it is unlikely to undergo any colour change The 
sources of error, excluding those due to carelessness in techmque, using dirty 
pipettes, etc , will arise through variations m the diluting pipettes and in the calibres 
of the graduated tubes The method suffers the great ffisadvantage that with each 
dilution only one reading can be made — a second observer can check the first reading, 
but not make an independent one — and that the tune interval before reading has 
to be taken into consideration (The error caused by the time factor does not 
exceed 1 per cent and is in no way comparable to that we noted with the Eleischl- 
Miescher instrument ) 

II6 In the Helhge-Neoplan instrument the sources of error are again the 
diluting pipette and the chamber in which the acidulated blood is placed, but, as 
the latter is a rectangular chamber made with flat pieces of glass cemented together, 
precision in its manufacture is easief: than it is in the case of the graduated tubes of 
the other type of HeUige instrument Further, any number of readings can be 
made with the same specimen and thus one source of error can be practically 
elumnated This is very necessary in the instrument because we have found 
that matching is not so exact, particularly at either end of the wedge Besides 
this, theoretically it would be possible for this type of apparatus to give correct 
readings at one end of the wedge and incorrect at the other, whereas with the 
fixed standard of the other type if it is correct for one percentage it 11111 be 
correct for all 

The utihty of the different methods is an important point and only the 
colorimetric methods can be said to be chmcal or field methods Of the 
methods with which we are concerned m this paper, the Helbge, the Helhge- 
Neoplan and the Newcomer are methods that require no special conditions , 
the apparatus for the last named is larger and more dehcate than that of the 
other two, and is therefore less suitable for field work The Fleischl-Miescher 
requires a dark room or at any rate a dark box, and an oil lamp, and is, therefore, 
even less smtable for field work 


The Haldane-van Slyke oxygen method 

The oxygen-combimng power of the blood is the property usually accepted as 
the best for cahbrating chmcal haemoglobin-measuring appliances, on the grounds 
that on this property depends one of the main functions of haemoglobin, that the 
oxygen-combimng power of the other elements of the blood are neghgible, and 
finally that it is possible to make the estimation with a considerable degree of preci- 
sion Unfortunately, there was no van Slyke apparatus available in the institution 
at the time u e commenced these investigations and we felt that it might lead to a 
considerable waste of time, possibly without obtaimng satisfactory results, to 
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undertake this estimation under sub-optimal conditions , we did not therefore use 
hiB method in this senes’'' 

The iron-content method of Wong — ^This method depends on the observation 
that, though its graphic formula has not yet been worked out, hsemoglobin is known 
to have a constant molecule contaimng a constant percentage of iron It has also 
been shown that the cxtra-lioGmoglobin iron m blood is a email constant factor 
constituting about 2 per cent of the total blood iron There have been many recent 
references to this method by American workers who all appear to have obtained 
satisfactory results, and, as the method appeared to present no special difficulties, 
Wo adopted it for checking the colonmctric methods 

However, we were not satisfied with our results and after cross-checking them 
by the refractometrio method we found that they were consistently too lugh This 
was surpnsmg in view' of the fact that, though our reagents were ‘ guaranteed iron- 
free ’, we had tested them all carefully befoie commencing the work and had done 
a number of ’ blank ’ estimations Eventually we discovered that the filter-paper 
in most of our experiments contained a large amount of iron , all our results were, 
therefore, vitiated and we have had to exclude them from this paper 

The refractometrio method — Again, this method is dependent on the constancy 
of the htemoglobin molecule , by talang the refractometric index of a solution of 
heemoglobin it is possible to calculate the concentration of the hsemoglobin present 
As a good quality dipping refractometer was a\ailable we adopted this method to 
check the different colorimetric methods in a series (B) of blood samples from 31 
different persons 


The clinical material 

Certain hromatological investigations were being carried out on normal Indians 
living in Calcutta, normal tea-garden coohes m Assam, and on persons suffermg from 
anesmia in both localities The hsemoglobin estimation discussed here constituted 
part of those investigations Series A were all apparently healthy adult Indians, 
doctors, clerks and laboratory attendants, and servants working in the Calcutta 
School of Tropical Medicine 

Senes B were other persons from the same source, but in addition this mcluded 
some non-anaemic patients from the hospital attached to this institution and some 
anaemic patients under investigation 

Senes C were tea-garden coohes in Assam 


Technique op the uipfereni methops and their experimental 

As we have obtained results that differ from those of certain other workers 
it 18 essential that we should detail our techmque, particularly with reference to the 
special precautions we took 


w * recently, Dr H E C Wilson ol the All India Institute of Hygiene and Public 
uealth, Calcutta, has carried out Helbge estimations on the same sample The results we 
obtamed suggest that our figure, 13 67 grammes = 100 per cent Hellige, la approximately 
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Helhge — Deci-normal hydrochloric acid is placed in the graduated tube up 
to the 10 per cent mark , blood is taken up m the special pipette to the 20 c c mark , 
the point of the pipette is wiped clean so that no blood remains on the outside, the 
contents are then transferred to the graduated tube contaimng the acid, and the 
pipette IS washed out with this acid The tube is allowed to stand for 16 to 20 minutes , 
it IS then placed in the Helhge comparator and water is added drop by drop until 
the acid hsematin solution exactly matches the standard , the height of the lowest 
point of the mensicus, with the tube held level with the eyes, is then noted and the 
reading taken from the percentage figures marked on the tube The contents of 
the tube must be mixed with the glass-rod provided for the piupose after each drop 
of water is added, particular care being taken that as httle flmd as possible is allowed 
to adhere to the rod after each mixing and that the rod is held in the hand and not 
placed on blottmg-paper, so that such fluid as does adhere to it will not be soaked 
up between each stirrmg 

Changes in the colour of the acid hsematin solution are said to take place up 
to the end of one hour, but we found that practical disadvantages in delaying the 
readings for a longer period were so great that we adopted the standard time interval 
of 16 to 20 minutes , the change that occurs after 16 minutes was certainly less than 
1 per cent 

The blood was taken (a) by pricking the finger, following momentary congestion 
produced by rapidly wrapping a piece of tape round the middle phalanx, or (b) 
from the vein at the bend of the elbow, temporary dilatation of this vein being 
produced by an assistant encircling the lunb with his hands , in the former case the 
blood was taken directly into the measuring pipette, but in the latter a drop of blood 
from the syringe was placed in a watch-glass and from this samples immediately 
taken into the measuring pipettes for the Helhge and Helhge-Neoplan estimations, 
and the rest put into an oxalate tube (c) which was immediately rolled between the 
hands to ensure complete permeation of the whole sample by the oxalate All the 
other haemoglobin estimations were made from this sample which was alw^ays very 
well shaken to ensure complete mixing before the smaller samples from it were 
taken 

The accuracy of the individual readings — The possible sources of error, indepen- 
dent of the correctness of the colour standard and the method of taking tbe blood, 
are incorrectness in the cahbration of the pipettes, incorrectness in the calibration 
of the tubes in which the diluted blood is placed, errors m filling the pipettes, and 
errors in matching the standard (We are leaving out of consideration gross errors 
of techmque due to improper cleamng of glass-ware, etc ) The former two will be 
constant errors for each pipette and tube , they are susceptible to measurement 
The latter twm will vary with each estimation that is made and will be dependent to 
some extent on the accuracy of the worker and also on his sense of colour* , as 
only one reading can be made with each specimen, it will not be possible to separate 
these last two sources of error Multiple estimations were done on the same 
samples of blood to show the extent of the importance of these several errors, and 
the results are analysed below — 

Six graduated tubes and three pipettes were marked a, b, c, d, e, f, and x, y 
and 2 , respectively Six estimations were done on each of 23 specimens of blood of 


• All the Helhge readings recorded here wore made by one observer 
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different persons (from senes A) the following combinations of tubes and pipettes 
being used , aha, x-b, y-o, y-d, z-e, z-f Tlio means of each group of readings are 
given below — 


Tubes 

Pipette 1 

1 X 

1 

1 ■Pipotto 

Pipetto 

z 

a 

1 

08 70 ^ 


h 

95 83 

! 


c 


97 48 

1 


d 


97 36 


e 

1 


1 

1 97 26 

s 



97 00 

Means 

07 265 

97 415 

97 13 


The difference between the means of the observations on each of these sets 
of 23 pairs of samples taken witb these three different pipettes is so small that it 
seems unlikely that the difference between any two will be significant Tisher’s ‘ t ’ 
test canbe applied to the means of the 23 pairs of readings with the pipettes y and z 
The difference in the means is 0 285 , t = 0 861 , P = 0 4 , the difference is, there- 
fore, not significant 

On the other hand, the means of the 23 readings with the same pipette'a:, but 
with different tubes, a and 6, are appreciably different from one another, the difference 
being 3 13 Applying Pisher’s ‘ t ’ method, t = 2 68 and P = between 0 02 and 
0 01, so that the difference is quite defimtely significant If either of the groups 
a~x or h-x are compared with any of the other four groups, the means will also he 
found to be significantly different , we applied the ‘ t ’ test between groups b-x and 
c-y, and found that, though the difference m the^means was less, i e , 1 65, t was 
actually larger, and P was less than 0 01 ’ 

The means of the readings in the case of the other four tubes, c, d, e and f 
show very shght differences from each other Testing the significance between, a 

and/, we find that x, the mean of the differences, = 0 261, t = 0 686 and P = 0 6 

and between c and/, x = 0 480, t = 1 16 and P = about 0 26 , that is, there is no 
significance in either of these differences 

There is thus every reason to believe that the three pipettes x, y, and z and the 
tubes c, d, e and/ are accurate and are not responsible for introducing any error intn 
the readings , it foUows, therefore, that any errors detected in reachngs made with 
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these tubes and pipettes must be due to the other sources of error, that is, to the 
matching of the colours or to the fiUing of the pipettes , great care was exercised in 
filling the pipettes accurately and it is probably not an important source of orior, but 
the error due to matching the colour might be serious 

The extent of this combined eiTor can only be ascertained by taking a large 
number of pans of observations on different specimens of blood , the differences 
observed will form a normal dispersion, the extent of which can be calculated It 
will be best to express the deviation from the mean of these observatious, as 


a standard deviation , this can 


be obtained from the formula ^ 


which IS apphed by Tippett (1931) to the particular case of pairs of variates 
The sum of the squares of the differences between 138 pairs of observations in 

this case was 673 , |/ = ^2 07 = ± 1 44 per cent, which figure may be 

taken as an expression of the experimental error of the method 


Venous, oxalated and capillary blood — ^As we have said above, the heemoglobin 
estimations were done by the HeUige method on three samples of blood from each 
patient, on (a) capillary blood, (&) venous blood, and (c) oxalated venous blood 
It is important to find out if theie are any differences in the readings of the blood 
taken from these different sources they were, theretore, recorded and are examined 
below — 


Comparison of direct venous and oxalated venous blood — In 23 cases the maximum 
disparity between these two readmgs in the same persons was 8 per cent, but this was 
only recorded once , a 5 per cent difference was recorded tivice and the remainder 
were 4 per cent or below The standard deviation of these disparities is ± 3 19 
The mean of the differences was -f 0 39 in favour of the oxalated samples By 
applying Bisher’s ‘ t ’ method for the sigmficance of the difference of the means, it 
was found that ‘ t ’in this casewasO 686,n = 22, andP = between 0 6 and 0 6, and 
therefore, the difference is not significant 

Oomparisonqf the capillary and venous {oxalated) blood — The double estimation 
was done in 18 cases (excluding the European and ansemic cases) , the mean difference 
in favour of the capillary blood was 7 11 per cent It is qmte obviously unnecessary 
to apply any statistical tests for significance, as in every pair of estimations but 
one (in which the two estimations were equal) the capillary blood showed a higher 
value If the difference is reduced to 0 11 by adding 7 to each of the venous blood 

readings, and the standard deviation calculated by the formula f/ > 

it IS found to be ± 2 77 which is wichin the range of the experimental error of the 
method when unselected tubes are used 

Our observations with the Helhge apparatus can be summarized thus — 
Taking the ordinary pipettes and selected graduated tubes we can calculate 
that two-thirds of the observations made will fall within 1 44 per cent of the mean 


* Wo do not know of any recognized method of expressing the inaccuracy of any method of 
h»moglobm estimation, but it seems to us that the standard deviation of a number of readmgs on the 
same blood is one that expresses this fairly satisfactorily It has seldom been possible actually to 
make a number of observations on the same blood, but this value has been arrived at by other means, 
usually by taking the diSerences between pairs of observations. 
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of all tlic observations, and that if an observation on a specimen of blood differs from 
tbatonanotber specimen by more than 2 X (1 ll)®, =4 07 per cent, tbe biemoglobui 
value of these bloods may be said to be significantly different (on a 20 to 1 basis) 
To these figures have to be added the bias of the tubes and pipettes In our expen- 
meiit four out of six tubes, and all the pipettes appear to lie accurate, and the bias in 
the other two tubes appeared to amount to about 1 6 per cent each So that 
these two figures mil become (1 4.4 4- 16)= 2 94 and (4 07 -I- 1 6) = 6 57, 
respectively 

The addition of a small amount of oxalate to the blood makes no significant 
difference to the hromoglobin cstimition 

There is a very marked difference between hcemoglobm content of the 
capillary and the venous blood in the normal Indian In a senes of 18 normal 
persons the capillary blood was 7 11 per cent higher 


Thl Hellioe-Neoplan apparatus 

Method — Special dduting pipettes are supphed with this apparatus but the 
ordinary rod-blood-coiinting pipettes can be used Blood is drawn up to the ‘ 1 ’ 
mark and then dcci-normal hydrochloric acid up to the ‘ 101 ’ mark The reading is 
taken after the same interval as in the last merhod — 16 to 20 minutes was the time 
we allowed The portion in the stem of the diluting pipette is discarded and the 
rest of the acid hsmatin solution is placed in a glass chamber which is then placed in 
position in the apparatus and compared with a coloured glass wedge The point at 
which it matches the coloured wedge is read off on a scale at tbe side At least 
five independent readings should be made, and the mean of these five readings taken 
as the final reading 

Sources of error — ^These, as we have said, are the diluting pipettes, the 
chambers in which the acid haematm solution is placed, and the matching of 
the colours 

We used only two chambers in our experiments, and we found no significant 
difference between the means of two sets of figures done on the same series 
of cases 

The error due to matching is very easily found out, as it is possible to do any 
number of readings on one specimen It would not have been advisable to take a 
hundred readings from one specimen as the ‘ fatigue ’ factor would come into play, 
so we took a number of pairs of readings on various specimens For 120 pairs whose 
mean was 88 64 per cent the standard deviatiou was -1/2 26 or ± 1 6, and the 
standard error of the mean of the five readings V 1 5 oi ± 0 67 

Four pipettes were numbered, as with the previous method, and counts done 
with each of the pipettes on a number of different bloods , the means of 30 readings 
mth the four different pipettes were, respectively, 107 3, 1 05 6, 108 7 and 109 2 per 
cent Applying the ‘ t ’ significance test, we find that the mean of the readings 
with the second pipette is significantly different from that of the third and 
fourth pipettes, but that the otheis were not significantly different from one 
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We took 36 pairs of estimations, eack of wkick was tke mean of five readings, 
and by applying tbe formula ^ ^ calculated that the experimental 

error of tbis metbod amounts to 3 00 per cent 

Tbe error due to matcbing tbe colour witb tbe standard only amounts to ± 0 67 
so that most of tbis error \vfil be due to irregularities m tbe cabbration of tbe 
pipettes and could probably be reduced if only accurate pipettes were used 

Tbe difierence between tbe venous and capillary blood was noted also witb tbis 
instrument , tbe difference in tbe means of 24 readings being 8 54 per cent in favour 
of capillary blood 


The REERACTOMETRIC METHOD 


We adopted the method deaonhed by Stoddard and Adair (1923) , the technique is as follows — 

1 Measure two 0 c samples of blood into two medium sized test-tubes 

2 To one sample add 6 c c of 0 8 per cent NaCl 

3 To the other sample add 6 c c of 0 8 per cent NaCl contammg about 70 mg of saponin per 

100 o c 

4 Centrifuge (2) and (3) and read the clear solutions in the refractometer Read also the two 

salt solutions 

Galculations — Subtract the refractive mdices of the two salt solutions 

This gives the added refraction due to the saponin 

Multiply by g-g to get the dilution of the saponin refraction by the added 0 6 c c (approxi- 
mately) of plasma Subtract this saponm correction from (3) and then subtract (2) from the 
result This gives the increase m refraction due to the hcemoglobm Divide by the hfflmoglobin 
oaotor, or 194 2» and multiply by 6 (the dilution) to get the concentration of hasmoglobin m the 
fngmal blood. 

Of course, the refractive index of the salt and the saponm solutions need not be determined for 
every hsemoglobin determination The saponm tends to precipitate somewhat with age, so that it is 
advisable to check it up from time to tune 


It. was found quite impossible to carry out these readings at ordinary room 
temperature even using a water-batb A dipping refractometer, made by Zeiss, 
was used Tbe refractometric index was worked out, in tbe conversion tables 
supplied witb tbe instrument, fox 17 5°C , tbe temperature of tbe ‘ cold 100 m ’ 
IS about 23°G , and it was necessary to wait at least 6 minutes between each reading 
for tbe instrument to acquire tbe temperature of tbe water-bath We used a stop- 
watch and wrote down tbe readings at uunute intervals until they ceased to undergo 
any change Each writer took an independent reading with each solution, and, if 
they were different, tbe mean of these two readings was taken With the serum and 
salt solutions tbe readings were clear-cut and there was seldom any disparity between 
those of tbe two observers , with tbe haemoglobin solution there was often some 
disparity but tins never amounted to more than 0 1 of tbe scale (this corresponds 
roughly to 0 11 gramme of haemoglobin) and in most cases it was 0 05 or less Tbe 
whole procedure was performed in dupbeate , tbe largest disparity between any 
pair of readings was 0 41 gramme, and tbe standard deviation of tbe readings was 

y S (x — X 

- ^ y - - - = ± 0 145 gramme, or just over one per cent 

We estimated tbe haemoglobin by tbe refractometric method in 31 persons 
(series B) carrying out estimations by two or more of tbe colorimetric methods on 
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the same blood The mean of tlic two estimations was taken as the final 
figure The 100 per cent of the Helligc method coiresponds tp 13 67 grammes by 
tins method 

The refraclometnc melJiod compared wilh the Helhge, Helhge-Neophn and the 
Fkisclil-Miescher — In senes B (see Table) the results obtained with the refracto- 
metne method are compared with those obtained by the three colorimetric methods 
It was first necessary to work out the gramme eqiuvalent for 100 per cent with each 
instrument This v»as worked out m each individual rase by dividing the refracto- 
metric finding by the percentage finding and multiplying by 100 The mean of 
the whole series was then taken This step is not shown in the Table , the results 
obtained were as follows — 

Hellige 100 per cent reading = 13 67 grammes 

Hellige-Neoplan „ „ „ = 14 79 „ 

Fleischl-Miescher „ „ „ = 13 07 „ 

The individual readings with the three coionmetnc instruments were then 
converted into grammes by multiplying these tbi ee figures by the percentage findings 
and dividing by 100 We then had four readings each made with a different 
apparatus, and, as it was assumed that the refractometric method w as the most 
accurate, the readings with each or the other apparatuses were first compared 

with the refractometric readings Using the formula [X - , the stan- 

dard deviations of the indindual differences were calculated , these are as 
follows — 



31 pairs 

30 pairs 

29 pairs 

Refraotometer and Hellige 

± 0 669 

± 0 546 

± 0 652 

Refraotometer and Hellige Neoplan 

1 

± 0 776 


Refraotometer and 'Pleisohl Miosolier 


1 

db 0 605 


This suggests that the Fleischl-Miescher apparatus is the most accurate or at 
least gives results with the least degree of disparity from those of therefrpctometric 
method , the Helhge is not far behind it in accuracy, but the Hellige-Neoplan 
appears to be considerably less accurate This is a conclusion that we had 
already arrived at 

The reiractometric reading is the mean of the readings of two samples of which 
the experimental error of each is 0 146 gramme, and the others are readings on 
single samples The disparities between the refractometric method and the Helhge 
are only a little greater than could be accounted for by the experimental error of the 
separate methods 

In 13 instances in this series five additional Hellige readings were taken and if 
the mean of the six readings, instead of the first reading only as given in the Table is 
taken and compared with the refractometric reading, it is found that the standard 
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deviation of the differences is now only ± 0 420 gramme , and, if the one exception- 
ally high figure (1 30 grammes) is excluded, the standard deviation of the remaimng 
l2 difierences is reduced still further to ± 0 224 gramme 

Helhge and Helhge-N eoplan leadings — Taking the readings of series B (see 
Table), there is a difference in the means of the Hellige and Helhge-Neoplan readings 
of 6 40 per cent in favour of the ’former When the readingsare reduced to giammes 
the differences in the means of the two series is naturally elmunated, but the standard 
deviation of the difierences in the individual pairs of readings is ± 0 623 gramme , 
that IS to say there does not seem to be any closer correlation between these pairs 
of readings made by difierent colorimetric methods, than one would expect from the 
observed disparities between each of them and the refractometnc readings 


Table 


Showing hcemoglohin estimations by vanous methods (Series B) 




Finqbb 

BLOOD. 

VENOUS BLOOP 

Dibkot 

OXALATED 

Calculated in grammes 



Hellige 

Hellige 

Hellige 

HeUige 

Neoplan 

Pleisohl 

Refraoto- 

meter 

Hellige 

Hellige 

Neoplan 

1 

FleiscLl 

N 

1 

II 


101 

97 

111 

■■ 

13 86 

14 36 

1 

14 67 

N 

2 



102 

100 

118 


13 98 

14 79 

16 49 

N 

3 


126 

127 




17 41 


14 71 

N 

4 



100 

94 

112 

if 9 

13 71 

13 90 

N 

6 



113 

111 

122 


16 60 

16 42 

16 02 

N 

6 



97 

90 

100 


13 30 

13 31 

13 13 

N 

7 

106 

96 

98 

94 

100 

X B 

13 44 

13 90 

13 13 

N 

8 

102 


90 6 

84 

92 

12 28 

12 41 

12 42 

12 08 

N 

9 



102 

102 

107 

16 01 

13 98 

16 09 

14 06 

N 

10 



90 

82 

105 

13 60 

12 34 

1213 

13 79 

N 

11 



130 

128 

131 

17 33 

17 82 

18 93 

17 20 

N 

12 

112 

104 

105 

97 

108 

14 32 

14 40 

14 36 

14 18 

N 

13 

118 

110 

114 

104 

117 

16 44 

16 63 

16 38 

16 36 

N 

14 

122 

118 

122 

114 

120 

16 60 

16 73 

16 86 

16 70 

N 

16 

106 


100 

96 

108 

14 31 

13 71 

14 06 

14 18 

N 

16 

102 


99 

92 

103 

13 76 

13 67 ' 

13 61 

l3 52 

N 

17 

104 


102 

97 

112 

14 47 

13 98 , 

14 36 

14 71 

N 

18 

134 

124 I 

126 

121 

124 

16 18 

17 27 1 

17 90 

16 28 

N 

19 

142 

128 

127 

130 


17 67 

17 41 j 

19 23 

16 23 

N 

20 

120 

108 

112 

107 

116 


16 35 1 

15 83 

•VT 

ni 

134 


122 6 

112 

127 6 


17 48 

16 66 

16 74 




■feH 

118 

no 

121 

^BCfTiB 

16 18 

16 27 

16 89 




127 

132 

127 

136 


18 10 

18 78 

17 86 




81 

81 6 

74 

80 

^BiXlB 

11 17 

10 94 

10 60 





71 

67 

76 

|B 

9 73 

9 91 

9 98 
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VENOUS BLOOD 





Kt^oer 










BLOOD 











Dieeot 


OXAtATED 


Calculated ik obammes 


Helhge 

Hclhgo 

Helhgo 

Helhge 

Neoplan 

Lkiachl 

1 

Refraoto 

meter 

Hellige 

Helhge 

Neoplan 

Fleisohl 

A 1 

m 

08 

07 

00 

1 

72 

9 82 

9 19 

8 87 

9 46 

A i 


29 

27 

23 

1 31 7 

3 00 

3 70 

3 40 

4 16 

A 6 


33 

34 

31 

1 31 

4 70 

4 00 

4 68 

4 07 

A 6 

32 

27 

20 C 

22 

31 

3 03 

3 03 

3 26 

4 07 

A 7 

01 

01 

00 5 

52 

58 

8 26 

8 30 

7 76 

7 62 

A 8 

29 

20 

29 

23 

27 

3 74 

3 97 

3 40 

3 65 


In a senes of 240 pairs of observations on 240 coolies on Assam tea-gardens at 
an earber date (from series C), tkere iias a difference of 2 36 per cent in the means of 
the Helhge and Hellige-Neoplan senes, respectively, the actual figures being 71 36 
per cent and 69 00 per cent , these correspond to 9 846 grammes and 9 660 grammes 
(.alculatiug from the reputed haimoglobm equivalents ot the two apparatuses, 
namely, 13 8 and 14 00 grammes per 100 c c of blood , this shows an ummportant 
disparity in these two sets of rea^ngs 

On the other hand our later observations (series B vide supra) show a much 
greater dispanty between the Hellige and the Helhge-Neoplan readings, namely 
6 40 per cent, and we must conclude that the colom standard in one or other has 
undergone a change The most likely change would be for one colour standard to 
fade, but we have compared the colour standard of the Hellige instrument that has 
been in use for some time with one that has not been used and can find no significant 
difference , further, our recent observations suggest that at present the 100 per cent 
with this apparatus corresponds to 13 67 grammes of hsemoglobin Even if this 
difference between 13 67 and 13 80 indicated some shght fading, it would be quite 
insufficient to account for the differences noted aboim On the other hand the 
figures in the Table indicate that at that time 100 per cent on the Helhge-Neoplan 
corresponded to 14 79 grammes of hsemoglobin, as against the reputed 14 00 grammes 
which was more or less confirmed in our Assam series of observations, and we believe 
that the colour standard in this apparatus has undergone a change , it seems possible 
that the material used for sticking the glass wedge has become darker, in the way 
that the material used between the layers of ‘ triplex ’ glass takes on a brown colour 
m this chmate 

The Hellige and Tallqvist methods — Double estimation, by the Tallqvist and the 
Helhge, were made in 478 coolies on 18 different tea-estates (series C) About three- 
quarters of these were taken from the normal ‘ healthy ’ population and the remainder 
were ancemic patients attending the hospitals on the tea-estates, 
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The Tallqvist scale has 10 divisions, from 10 to 100 per cent, but when it is 
considered that a specimen is darker than one colour, yet lighter than the one above 


Chart 

Showing the individual readings in 240 cases in which the hcemoglobin was estimated by both 

the Tallqvist and Hellige methods 



Per cent readings by Tallqvtst method 
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it, an intermediate reading is made , all tlic readings will, therefore, be multiples of 
five It w ns found that there was only a slightly greater tendency to make a reading 
at the even figure (10 per cent, 20 per cent, etc ) rather than at the intermediate 
figure (5 per cent, 15 per cent), the ratio being 56 to 44 

Graph 


ShoiDing iJic mean and standard deviation of the Helhge readings for cases grouped 
aecording to their Tallqvisl readings 



Helhge scale is divided into one-per-cenr divisions and the readings were 
made to the nearest per cent, but for these calculations we have grouped them to the 
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nearest 6 per cent , that la to say, readings from 8 to 12 per cent are classed as 10 
per cent, those from 13 to 17 per cent as 16 per cent, and so on The results are 
entered on the Chart The readings were then grouped according to theTallqvist 
readings and the mean and standard deviation of the Hellige readmgs of each group 
were worked out , these are plotted on the Graph It will be seen that the mean 
of the HeUige readings in every group is higher than the Tallqvist , up to 60 per cent 
the deviation of the means is not great, but from thence up to 70 it averages nearly 
10 per cent, and again it declines slightly in the higher percentages Tlie 
standard deviations in the various groups is never less than ±84 and 
is as high as ± 14 6 in one group , this standard deviation represents 
the standard deviation of the differences between the readings with the two 
different methods after the necessary adjustment has been made for the 
differences in calibration of the two apparatuses The mean of the 
standard deviations of 13 gioups is ± 11 73, or taking into consideration 
the number in each group, it is ± 12 16 T^s latter figure may be taken as 
representmg the combined error of the Tallqvist and the Helhge methods, but as 
the error wuth the Hellige method may b e placed at a maximum of ± 3 per cent, that 
leaves the Tallqvist at V (12 16)2 _ 32 _ n g per cent This means that the 
differences in pairs of observations on the same samples by the Tallqvist method 
will have a standard deviation of over 16 per cent and that even a difference of 
30 per cent in tw^o readings camiot be considered as qmte significant 

It was felt that this lumping together of all the Tallqvist readings made by a 
number of different observers might give an exaggerated idea of the inaccuracy of 
the method We, therefore, looked for instances in which one observer had made a 
number of Tallqvist readings at one figure and we then took the mean and standard 
deviation of the corresponding Hellige readings (e g , one assistant medical officer 
returned 8 readings as 60 per cent , the Helhge readings on these 8 persons were 
67, 62, 66, 68, 72, 72, 73, and 80 per cent , the mean and standard deviation of 
these IS 68 9 ± 7 2 per cent) There w ere 13 instances in which seven or more 
readings were made at the same figure by one assistant medical officer , in these 13 
instances the standard deviations varied up to ± 17 36 per cent and the mean was 
± 10 64 per cent If this figure is compared with the 12 16 per cent above it shows 
that shghtly more accuracy can be expected when the readings of only one 
observer are taken into consideration, but the error of the method is still above 
± 10 per cent 


Summary 

A protest is made against the present method of expressing the results of hsemo- 
orlobin estimations in terms of percentages 

The different methods of hsemoglobin estimation are discussed 

The techmque of certain methods is described and an attempt is made to gauge 
the accuraey of these methods ; the standard deviation of a number of estimations 
on the same blood w as used to express the experimental error of a method 

The Helhge apparatus was found to have an error of ± 1 44 per cent (= 0 197 
gramme of haemoglobin) if especially selected tubes were used Four out of six 
tubes were found to be satisfactory , the other two each gave nse to an additional 
error of 1 5 per cent ( = 0 205 gramme of hsemoglobm) 
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The Hclhgc-Neoplan apparatus liad an cxperunental error of ± 3 00 per cent 
The rcfractometnc method of estimating hcemoglobin was used for checking 
the tliree colorimetric methods, tlic Fleischl-Miescher, the Hclhge and the Helhge- 
Neoplan , the figures indicate that their order of accuracy is as above There is no 
closer correlation between the readings by the different colorimetric methods than 
one would expect from the disparities observed between each and the refractometric 
method 

The expenmental ^rror of the Tallqvist method, taking readings made by 
different observers, was 11 80 per cent, and by a single observer over 10 per cent 
There is a marked difference between the haimoglobin content of venous and 
capillary blood of normal Indians , the latter is 1 0 to 1 4 grammes per 100 c c of 
blood (7 to 10 per cent) higher 

The addition of a little notassium oxalate makes no difference to the hEemoglobin 
estimation results 


Conclusion 

That provided the colour standard, the tubes and the pipettes of the Helhge 
hsemoglobin appatatus are checked by some absolute method of hsemoglobin 
estimation, it is a method that can be adopted for chmeal purposes, or for 
obtaimng scientific data under field conditions 

That the Tallqvist method is one of httle value for chmeal purposes, as a 
difference between two readings of as much as 30 per cent cannot be considered* 
as ‘ significant ’ 
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There ate certain observations to indicate that, in tropical countries, 
there la a high incidence of hepatic cirrhosis Rogers (1930) mentions the 
incidence of cirrhosis of the hver in Bengal as 6 9 per cent in 489 autopsies in 
Calcutta, whereas Berlin figures indicate an incidence of only 1 per cent in 
3,200 autopsies Rnijders (1933) has pointed out that mortality from cirrhosis 
IS ten times higher in Javans than in an European population of the same 
' age and sex in Holland The death rate from cirrhosis was 43 per hundred 
thousand of population in Java as compaied with 4 4 in Holland Tinimnrti 
and Radhaknshna Bao (1934) have recorded an incidence of 9 3 per cent in 
636 autopsies in Vizagapatam 

The incidence of hepatic cirrhosis in South India has been studied from an 
analysis of (1) the Annual Report of the Health Officer of the Corporation of Madras, 
(2) hospital admission registers and (3) post-mortem figures 

The figures embodied in the Health Officer’s report are, themselves, recorded by 
qualified medical men, ‘ the medical registrars ’ employed by the Corporation 
A certain amount of error is inevitable since certification of a death is not essential 
in every case, except in the case of hospital deaths 

Table I shows the death rate from cirrhosis, per hundred thousand of population 
It vull be noticed that, from the year 1929, a separate column is being maintained 


• Paper read at the 22nd Session of the Indian Science Congress, Calcutta, January 1036 

( 827 ) ^ 
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for biliar}’^ cirrhosis This is largely owing to the high incidence of a special type, the 
infantile biliary cirrhosis, which is very fatal — 


Table I 


Year 

Deaths 

from 

cirrhosis 

Total 

deaths 

Estimated 
population 
for mid year 

Deaths per 
100,000 of 
population 

1923 

124 

19,933 

528,680 

23 5 

1924 

136 

21,960 

629,620 

26 7 

1925 

195 

25,000 

532 503 

36 6 

1926 

211 

1 

23,776 

633,123 

39 6 

1927 

184 

1 

22,364 i 

534,629 

(approximate) 

34 4 

1928 

177 

26,715 

1 

536,136 

1 

34 9 

1929 

(173+24) 

197 

22,416 

637,149 

36 7 

1930 

(170+13) 

183 

22,839 

638,483 

34 1 

1931 

(147+32/ 

179 

23,163 

647,230 

(census) 

27 7 

1932 

(187+23) 

210 

22,290 

664,900 

33 2 

Average mortality from hepat;o cirrhosw for ten 
years, per hundred thousand of population in 
Madras 

32 6 
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A corapnnson of these figures wifli those of the Ttegistrar-Gcucial for England 
and Wales for a period of nine } cars is of great interest — 


Tabll II 


Year 

Deaths from 
eirrho«i8 

Estimated 

population 

Deaths per 
100,000 of 
population 

1020 

1 

1.703 1 

17,621,000 

4 70 

1021 

\ 

1,027 

37,887,000 

6 80 

1022 

1,006 

38,168 000 

4 99 

1023 

I 1,774 

1 

38 403,000 

4 62 

1024 

1,760 j 

38,766,000 

4 63 

1926 

1,847 

38,890,000 

4 76 

1 

1020 

1,866 

39,067,000 

1 

4 77 

1927 

1,860 

39,290,000 

4 73 

1928 

1,890 

39,482,000 

4 79 

Average mortality in England and Wales 
from hepatic cirrhosis for nine years 
prior to 1929, per 100,000 of population 

4 773 


From a study ot these figures it is evident that cirrhosis is nearly seven tunes 
as common here as in England and Wales, as judged by the mortality reports 
It IS true that the Kegistrar-General’s figures range higher prior to 1916, but even 
these are considerably smaller than the figures for Madras It is also clear that this 
high incidence is not merely due to infantile biliary cirrhosis, since the available 
figures for Madras, of this type, are small 

Hospital statistics are of great use in determimng the possible letiological 
Actors A study of the register of admissions to the Government Eayapiiram 
Hospital, Madras, shows 183 cases of cirrhosis during the last three years ^ The 
total admissions amount to 30,817 cases Six of these cases were of the infantile 
type, while the remaimng 177 were of the portal type, some with an enlarged 
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palpable liver, while in others the hver had contracted, and ascites and other 
signs of decompensation had set in Apart from these infantile types no case 
of bihary ciirhosis is recorded Table III shows the distribution of portal 
cirrhosis a*ccording to race and caste — 


Table III 


Year 

Hindas 

Mohammedans 

Europeans and 
Anglo-Indians 

other 

castes 

1931 

62 

4 

Nil 

2 

1932 . ' 

44 

1 

2 



1933 

67 

1 


5 

Totals for 3 years 

163 

7 

Nil 

7 

Percentages 

92 10 

3 96 

mi 

3 96 


Out of 1,819 Europeans and Anglo-Indians admitted to the hospital, there were 
no cases of cirrhosis While it is no doubt true that arrack drinking is sometimes 
met with among the poorer class Hindus, it is forbidden by lehgion and usage among 
the Mohammedans Beer and toddy drinking is common among the poorer class 
Anglo-Indians living in Madras and yet cirrhosis has a distribution that seems to 
be more on a population basis than on the incidence of alcohohsm, as shown in 
Table IV — 


Table IV 


Showing the lace distnbuhon of the in-paiients admitted to the 
Government Rayapuram 'Hospital, Madras, during 
the years 1931-1933 


Year 

i 

Hindus ^ 

Mohammedans 

Europeans and 
Anglo Indians 

Other 

castes 

1931 

1 

7,414 

435 1 

646 

1 

1,222 

1932 

8,018 

527 

1 679 

i 

1,203 

1933 

8,354 

548 

594 

1,277 

Totals for 3 jears 

23,786 

1,510 

1,819 

3,702 

Percentages 

77 18 

4 90 

6 90 

12 02 


This question of a non-alcoholic cirrhosis in India has attracted a good do il of 
interest from tropical cbmcians Tucker (1908) ascribed it to malarial infection, 
uhile Bogers (1911) regarded amoibiasis as a possible cause 
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A study of the sex distribution of these 177 eases shows only 43 cases m women, 
while the rest were in men in a proportion of 1 3 35, while hospital admissions show 
a sex proportion of 1 2 01 Table V shows the age distribution — 


Table \ 


1 

Age 

I 

mil j 

f 

m2 

1033 

' Totals for 

1 3 vcar» 

10-20 

4 

4 

fi 

13 

20-30 

10 

G 

7 

23 

30-40 

23 

13 

17 

' 68 

40-50 

1 

12 I 

27 

1 

Above 50 

I « 1 

10 

C 

' 26 


Thus, though the frequency is greatest betw een the ages of 30 and 60, a defimte 
proportion is met with in childhood and adolescence 

Autopsy figures of the Madras General Hospital, as published in the Annual 
Hospital Heports, show' that the incidence during recent years is low Thus there 
are only 25 cases of cirrhosis out of 747 autopsies of climcal cases during the years 
1927-1931 Post-mortem records of the Government Eayapuram Hospital, 
Madras, show a much higher incidence of 24 ca=es in 368 autopsies This is partly 
bee luse the hospital, situated near Washermanpet, serves to attract the poorer class 
of patients among whom citrhosis seems to be more common in Madras An 
infirmary is also attached to the hospital and serves as an asylum for incurables 
If autopsy figures from Madras are considered as a whole, we get an incidence of 
4 39 per cent in 1,116 autopsies, a figuie shghtly lower than that of Rogers for 
Bengal and much lower than that of Tirumurti and Badhaknshna Rao for Vizaga- 
patam, but decidedly higher than Beilin figures quoted by Rogers 

When w'e take up the incidence of different setiological types, the only figures 
that are available for South India are those published by one of us (Bhaskara Menon, 
1934), from an analysis of autopsy records 

Only cirrhosis with splemc enlargement was considered Table VI shows these 
h^res as compared with those of Tirumurti and Radhakrishna Rao (loo czt ) for 
vizagapatam — 


Table VI 


Authority 

Totals 

Portal 

' 

Capsular 

1 

Biliary 1 

i 

1 1 

Banti*d 

Syphilis 

1 

With 

malaria 

With 
kala azar 

Bhaakara 

Menou 

115 

1 

92 

! 

1 

7 ! 

! 

o 

4 

5 

5 

Tirumurti and 
Radhakrishna 
Rao (1934) 

39 

26 

2 

3 

3 

ft 

i 

i 

Jitl 

Nil 
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As a further study of these cases was not possible, we had to fall back on recent 
autopsies, where specimens w^ere available and special histological methods could be 
apphed There weie twenty-four of these cases After a careful histological study 
of these cases, we adopted this provisional classification — 


Table VII 


I 

Portal cirrhosis with fine granularity 

Portal cirrhosis of the hob nail type with 
coarse nodules 

Fatty cirrhotic liver 

Toxic cirrhosis of Mallory with large and small 
nodules with e'ctensive vascular tissue in the 
liver 

Biliary cirrhosis (obstructive and infective) 

Capsular cirrhosi^, associated with malana 

Perihepatitis as part of a chrome peritonitis 

Cirrhosis associated with kala azar 

Syphilitic cirrhosis 

Bauti’s type with extreme splenic enlargement 
and late cirrhosis 


6 

11 

1 

1 


Ntl 

3 

1 

1 

I 


Total number of cases of oirrhosjs of the liver 24 


Total number of oases of acute yellow atrophy 3 

durmg the same period 


Discussion 

With regard to the question of types of cirrliosis, Mallory’s classification of 
portal cirrhosis into an alcoholic and a toxic type is of great interest The ‘ toxic 
cirrhosis’ of Mallory (1911), or the nodidar hyperplasia of Marchand (1895), is 
characterized by the presence of large and small nodules with a collapsed vascular 
stroma in between Extensive destruction of the liver-cells is followed by a 
condensation of the stroma rather tlian active prohferative growth, which Mallory 
considers is the essence of alcoholic cirrhosis We would regard the process as one 
of sub-acute toxic hepatitis followed by regeneration, while the alcoholic type would 
be considered more chrome In fact, the modern conception of cirrhosis as a chronic 
hepatitis has done much to clear the obscurity regarding the nature of the lesion At 
one end of the series, ve have acute hepatitis, ranging horn mild catarrhal jaundice 
to the severe necrotic lesions of acute yellow atrophy There are sub-acute types, 
which range in seventy from sub-acute liver atrophy, the nodular hyperplasia of 
Marchand to the i xic cirrhosis of Mallory At the other end, we have the chronic 
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types of t\\c coarsely iwdular and tlic granular livers where even now the causes are 
unknown, though alcohol was suspected At the present day, tlie question of 
alcohol itself is undecided, even though it is argued that cirrliosis is less frequent 
vnth the introduction of prohibition in America If this alcoholic type is regarded 
as toxic, the whole problem is one of seventy of the to\ic substance and the duration 
of the toxic process The frequency of cirrhosis in the tropics would thus be capable 
of a simple explanation, or en though alcohohsm is certainly less frequent here 
A similar explanation \.ould suffice for the number of cases of acute j’^ellow atrophv 
winch occur apart from the toxaemias of pregnancy From the figures we have 
quoted, we believe that the types of portal cirrhosis, that arc met with here, 
are essentially the simc as in Europe and Amenca The high incidence is not 
duo to the frequency of any special toxic type desciibed b} Mallory Prolonged 
intoxication, especially from the intestine, is a probable cause, since bowel diseases 
are so common in the tropics This could possibly induce damage in the area of the 
distribution of the portal vein and the common hob-nail cirrhosis is a possible result 
Alcohol cannot be regarded as a very important cause, at least in South India, where 
the race incidence and age periods show no defimte relation to alcohohsm It is 
worthy of note that Tirumurti and Radhaknshna Rao (Zoc cit ), from their analysis 
of cases in Vizagapatam, conclude that alcohol cannot be imphcated 


The dysenteric origin of portal cirrhosis has been put forward by Rogers (1911), 
who ndtioed a special association with amoebic dysentery He argues that constant 
infection of the bowels with amoebae from the intestine, in chrome amoebiasis, is 
followed by fibrosis around necrotic foci He gives an instance of an amoebic abscess 
with early cirrhotic change around the abscess spreading to the liver Two such 
cases are reported by Tirumurti and Radhaknshna Rao {loc cit ) While it is true 
that fibrotic changes with the formation of a wall is an occasional result, when the 
abscess gets encapsulated, such changes are not usual in amoebic abscesses We have 
ourselves a specimen of a chrome encysted abscess on the under surface of the left 
lobe with irregular soars in the neighbourhood The fibrosis, however, had not 
spread throughout the liver, but was confined to an area around the abscess 
Regarding the association between dysentery and cirrhosis, one of us (B M ) carried 
out an analysis of autopsy records in the Madras Medical College, while working in 
the pathology department in 1928 The results, which are now published for the 
first time, show that out of 119 cases of portal cirrhosis, 46 showed defimte inflam- 
matory lesions in the large intestine These lesions could be classified into old 
pigmented scars, small hseraorrhagic ulcers, superficial ulceration with extensive 
congestion, extensive superficial ulceration involving large tracts of mucosa, large 
deep ulcers with necrotic base, etc Mere congestion of the intestine with or without 
cedema, though often met with m bacillary dysentery, is not included, since portal 
decompensation might induce such changes Out of these 119 cases, the intestines 
were not examined in three cases, so that the percentage works out as 38 87 of 
hepatic cirrhosis, showing dysenteric lesions Out of these 45 cases showing dysen- 
teric lesions, in 32 oases the lesions resembled those met with m acute and sub-Lute 
bacillary dysentery They were either superficial ulcers with extreme congestion 
capiUary hemorrhages or small folhcnlar ulcers surrounded by zones of congestion 
or extensive sup^ficial ulceration involving large tracts of mucosa The remimne 
13 cases showed frank amoebic ulceration or healed pigmented scare A companson 
of these figures with the proportion of dysenteric lesions, met wjth m hospital 
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autopsies in general, is of interest Out of 368 recent autopsies in tlie Government 
Rayapuram Hospital, Madras, dysenteric lesions were found in 69 cases or 16 30 
per cent It seems, therefore, that there is some evidence for a positive association 
between dysenteric lesions in the intestines and portal cirrhosis It is only by a 
more critical study of the intestinal lesions in cirrhosis that this problem can be 
settled 

When we pass on to consider the next type, the bibarv cirrhosis of adults, 
Rogers remarks that no authentic cases are recorded in Calcutta autopsies One 
of us (Bhaskara Menon, loc cit) in an anal}. sis of Madias autopsies has noticed 
defimte obstructive types and possible infective types where the infection has 
apparently spread from the gall-bladder Of bihary cirrhosis of infants, we have 
no recent instance in this series, since cases of this type seldom come up to the 
post-mortem table 

Capsular cirrhosis, though emphasized by Chaufiard (1902) in his classification, 
has met with very little comment We believe that a distinction must be made 
between hyaloserositis involving the liver or the Zuckergussleber of Curschmann 
(1884), as it IS called, and the true capsulitis, which often extends to the substance of 
the organ in defimte bands in between the lobules The cause of this condition is 
unknown, though syphilis has been suspected We have in our series three cases of 
this capsular type of cirrhosis associated with malaria, whete it is possible that 
repeated attacks with congestion and swelhng of the hver were followed by a thicken- 
ing of the capsule and a spreading fibrosis, similar to what is commonly found in the 
spleen Externally, these livers look somewhat nodular with coarse nodules, but on 
section there is not the same extensive invasion of the substance of the organ as in 
the hob-nailed hver Of perihepatitis, as part of an umversal condition associated 
with ascites and cliromc peritomtis, we have one instance, where the cause was 
obscure 

Kala-azar cirrhosis, as described by Rogers (1911), seems to be a rarity here 
One of us has seen an instance of a portal type with kala-azar parasites in the Kupfiex 
cells, but whether there is a direct association between the two conditions it is not 
possible to decide Shanks and De (1931 ) have, in their histological studies, found 
no direct relationship While enlargement of the hver is the rule in kala-azar, we 
see no reason why, in chronic cases, fibrotic changes may not occur, in view of the 
intimate relation between the reticulum cell and the fibrocyte The rarity of the 
chrome type of kala-azar is a possible explanation why such cases are not commonly 
met with now 

Splemc ansemia, with a late portal cirrhosis, fomung the syndrome described 
by Banti, is distinctly uncommon and is responsible for only one of our cases, though 
TiiumurtiandRadhalmshnaRao (loc cit ) consider it fairly frequent in Vizagapatam 
It seems to us that the division between this group and cases of portal cirrhosis with 
marked splemc enlargement is difiicult, since the ‘ fibro-ademe ’ of Banti is only a 
type of reticular increase which has nothing specially characteristic 


SuJIMARY AND CONCLUSIONS 

1 An analysis of mortality returns of Madras city, of hospital admissions in 
the Government Rayapuram Hospital, Madras, and of autopsy records of Madras 
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of recent years shows a much hiRlicr iiKidcncc of licpntic cirrliosis here than in 
Europe 

2 A stud) of 177 liospitnl eases shows that cirrhosis has no special association 
with alcoholism The nee incidence is more or less in relation to the race proportion 
in the general population, as judged b) the hospital admissions 

3 A careful study of 24 specimens of hepatic cirrhosis has show’n that the 
portal t)'pc IS the most common, and that this is similar to the so-called alcoholic 
t)^e met with in Europe and America Mallory’s ‘ toxic ’ type, anatomically 
considered, is rare 

4 Erom autopsy records, some positive evidence is brought forward to show 
that there is a possible relationship between portal cirrhosis and dysentery as em- 
phasised by Rogers But the evidonce is more in favour of bacillary dysentery 
than amoebic This may be capable of two interpretations It may be that, in 
cirrhosis of the liver, the resistance of the intestine is so lowered that dysenteric 
lesions might occur as a compbcation or there may be a more diiect aetiological 
relationship bctw'cen dysentery and hepatic lesions 

5 Cirrhosis of a capsular type has been recorded in three cases of malaiia 
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A NOTE ON SPLENIC ENLARGEMENT IN MALIGNANT 

HEPATOMA 


BY 
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D R ANNAMALAI, LMSSA (Bond) 

BafarUmnl of Pathology, Stanley Medical School and Government 
Raya2}uram Hospital, Madias 

[Reoeiv^ed for pablioation, January 3, 1936] 

Rogers (1926) iti lus Einlayson lecture V(as tlie first to draw attention to the 
unusually high incidence of primary carcinoma of the liver in Bengal He 
emphasized that this feature was in keeping with the much greater incidence 
of cirrhosis of the liver in Bengal Studies on the incidence of carcinoma of 
the hver in South India by Basu and Vasudevan (1929) showed a similar high 
incidence of primary, as compared with secondary grou^hs, in a proportion of 
1 45 1, whereas autopsy figures from Guy’s hospital show a proportion of 

1 24 RoUeston and McNee (1929) put down the incidence as varying 

between 1 20 and 1 40 Basu and Vasudevan hold that ‘ the germane 

factors are probably the frequency of liver cirrhosis and in respect of the ratio 
between primary and secondary groivths, the relative infrequency of carcinoma of 
the bowel’ The type of carcinoma desenbed is the ma^nant hepatoma 
which IS bobeved to anse as a sequence of coarse cirrhosis Many of the growths 
described are of the coarse nodular type, qmte unhke the massive ‘ Cancer en 
amande ’ of Hanot and Gilbert or of the difiuse infiltrating type Oncogeneti- 
cally, hepatomas are tumours that arise from the hepatic cells , some are regarded 
as simple adenomata while others are distinctly mahgnant The transition between 
nodular hyperplasia, multiple adenomas and mahgnant hepatoma is often indistinct 
It has been argued that the same toxin that causes the cirrhosis may stimulate the 
liver-cells to such an extent that cirrhosis and carcinoma develop at the same time 
Others hold that carcinoma is the primary change, while cirrhosis is secondary and 
regarded as a tissue response Turnbull and Worthington (1908) have, however 
desenbed the sequence of changes m the transition from noduIaT hyperplasia to* 

( 837 ) 
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multiple adenomas and caicinoma Rollestou and McNee (?oc cil ) hold that the 
history, the development and the morbid anatomy of these cases are more in 
favour of the view of a cirrhosis carcinomatosa In about half the cases, 
Rollestou and McNee have described splenic enlargement 

In a recent study on the incidence of splenic enlargement in South India from 
autopsy records of the Madras Medical College and Rayapuram Medical School, 
one of us (Bhaskara Menon, 1934) was struck with the high proportion of cases of 
splemc enlargement in malignant hepatoma In going through the same senes, 
recorded by Basu and Vasudevan (Zoc c?f ), splemc enlargement was met with in 
twenty-two cases out of twenty-mne cases of primary growth, i e , in 76 8 per cent 
In a previous paper one of us has pointed out that the enlargement is of the nature 
of a hyperplasia, similar to the condition met with in cirrhosis Secondary deposits 
w’-ere not met with, except in one case, where no histological examination was 
made as to the nature of the soft nodules in the spleen 

If one were to assess the sigmficance of the splemc enlargement in malignant 
hepatoma in India, one has to take into consideration the rarity of secondary 
growths in the spleen in carcinoma of the ahmentary tract It would seem as if 
the splemc enlargement was not so much the result of the growth in the liver as 
the antecedent cirrhosis That the enlargement is not due to any co-existing tropical 
condition is borne out by the careful analysis previously referred to The frequency 
of primary carcinoma of the liver in India has been attributed to the much greater 
incidence of hepatic cirrhosis The co-existence of splemc enlargement in a large 
proportion of these cases would thus appear to emphasize this view It may also 
be argued that the sclerogemc agents that induce cirrhosis in India are possibly 
diSerent in that they set up a degree of chronic irritation sufficient to induce mahg- 
nant growth 
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During tlic last few years ttere has been an increase in tbe incidence of cerebro- 
spinal fever in India Russell (1933) has summarized tbe recorded cases in India 
for the years 1927 to 1932 and, m a subsequent commumcation to the Office Inter- 
nationale d’Hygiene Pubhque, brought the information up to date by June 1934 
Table I and the Chart show the recorded incidence of cerebro-spinal fever to 
the end of 1934 These figures aie probably not complete but the general progress 
of the disease is shown by the fact that in the hve years 1930 to 1934 the respective 
numbers of cases recorded was 23, 45, 174, 468 and 2,963 

There has been a considerable increase in certain of the larger towns m India 
Ahmedabad City in the Bombay Presidency has sufiered severely, first oases 
during the present epidemic being recorded in December 1933 and between that 
date and the end of June 1934 a total of 692 cases with 271 deaths was recorded 

In Calcutta also there was a considerable incidence from 1932 to 1934 the 

total figures for the 3 years being respectively 145, 387 and 782 

A severe outbreak in Dellu occuried in 1934 with 390 cases and 266 deaths 
For the treatment of cerebro-spinal memngitis in India, the sera in use are 
luainly those imported from Europe and America, and m view of the possibihtv 
of continuance and extension of epidemic cerebro-spinal memngitis, it has been 
considered advisable to determine the types of meningococci responsible for 
infection, in relation to the suitabihty of the sera used in treatment 

( 839 ) 
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Tho luoidenoe of the disease m 1934 shows a very stnlnng increase as compared with the previous y/!ars 
(The diagnosis in a large majority of these cases is based on climcal and epidemiological grounds ) 
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Gerehro-Spinal Meningitis in India 


An inquiry was accordingly earned out in Delhi during the epidemic season 
of 1934 for the purpose of obtaimng strains for typing The procedure adopted 
for culture was as follows — 


Cultural methods 

Cerebro-spinal fluid obtained by lumbar puncture was allowed to drop directly 
on to the surface of the following media in slopes 

(1) Ten per cent fresh pig;eon blood in nutrient agar, pH 7 4 

(2) Dorset’s egg medium 

The tubes were warmed at 37°0 for about two horns before sowing and were 
transferred immediately to the incubator In acute cases a pure growth of memngo- 
cocci was always obtained in 24 hours on pigeon-blood agar and Dorset’s egg medium, 
and in sub-acute and cliromc cases of over ten days’ duration growth vas only 
obtained on pigeon-blood agar in 48 hours In only one case of a convalescent who 
had been in hospital for over a month a culture was not obtained One j)er cent 
glucose agar, blood gelatine and semi-solid blood agar were also tried but gave less 
satisfactory results for primary culture 

The strains were maintained by bi-weekly sub-cultures on pigeon-blood 
agar and reserve stock was kept on blood gelatine and semi-solid blood agar The 
viability of the orgamsm in the oerebro-spinal fluid and also in the primary culture 
on different media was tested by daily sub-culture on pigeon-blood agar The 
survival period is shown in Table II — 


Table II 


! 

Meningococcns, 
Delhi strain 

! 

1 

Life in days at 

eVrebro- 

spmal 

fluid 

Sonu solid 
j blood agar 

Blood gola 
tine 

Glucose 

agar 

Pigeon 

blood 

agar 

Dorset’s 

egg 

1 

42 

! 36 

No growth 

65 

36 

25 

2 

48 

35 

73 

36 

73 

48 

3 

24 

35 

56 

25 

25 

65 

6 

23 

1 

35 

55 

48 

36 

73 

6 

18 

36 

65 

1 

10 

35 

10 

7 

19 

10 

66 

No growth 

48 

65 

8 

1 

1 No growth 

7 


4 

No growth 

9 

1 


No growth 

32 

4 

32 

11 

1 


9» 

No growth 

7 

32 
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For isolation and niaintoiinncc of prnmrv growtli of flic meningococcus 10 per 
cent frcsli pigeon blood added to tliroo per tent mitiicnf agni made ^MtlI tryptic 
digest ot mutton, pll 7 I, ajipearcd to lie the most satisfnctorjf medium We 
seldom failed to obt iin growth on this medium The colony appearance of 
meningoeoccus on this mcebum is of two t^pes (a) small, smooth, well-defined 
and raised colonics measuring 1 mm to 2 mm in diameter and (6) large, rather 
flat colonics iiith an irrcgul ir margin aaid a gianiilar centre After 48 hours the 
coloniob showed a slightlj bull tinge 


TlPlNC 01 STRAINS 
The strains were tested against — 

(а) Type sera received fiom the Standards Laboratories, Oxford 

(б) Sera supplied by Dr W M Scott of the Pathological Laboratories of the 

Ministry of Health, Loudon 

Eighteen hours’ growth was emulsified in 3 c c to 5 c c of sterile normal saline 
and heated at 65“C for one hour Agglutination tests w'cre earned out according 
to Dreycr’s tcchmquc and results were read after four, and twenty-four hours 


(a) Indian strains of meningococci tested against high litre so a supjjlied 
by Standards Laboratories, Oxford 

Indian strains 


Typo aera 

Dcllii strains 

1 Knaauh 
strain 

Solon 

stram 

1 

2 

3 

5 

6 

7 

8 

9 

11 

12 

13 

Type I 


— 

- 

260 

60 

50 

- 

1 60 

60 

! 1 

' 126 i 

126 

Type II 

- 

— 

- 

- 

50 

- 

- 

- 

- 

I i 

60 

Type III 

250 

600 

600 

- 

_ 1 

500 i 

126 

1 

1 

126 

125 

600 

i 

1 

600' 

Type IV 

1 

1 

1 

— 

— 

— 

- 

- 

1 

1 


- 
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(b) Indian strains of meningococci tested against high titre sera supplied 
by the Ministry of Health, London 

Indian strains 


Type sera 

Delhi strains 

Kasanli 

stram 

Solon 

stram 

D 

2 

3 

6 

6 

7 

12 

13 

Type I Serum 
from Mimstry of 
Health 

60 

1 

126 

1 

250 

1 

60 

1 

126 

1 

126 

126 

Type ni Serum 
from Ministry of 
Health 

600 

1,000 

1,000 

1 

1,000 

60 

2,500 

2,600 

1,000 


(c) HigTa titre sera were prepared at Kasanli against the Indian strains ol 
meningococci and tested against standard cultures of types I and III which were 
kindly supplied by Dr W M Scott The results were as follows — 


Standard type cultures 
of meningococci 

1 

High titre serum prepared agamst Delhi 
strains of meningococci 

1 

2 

3 

6 

6 

7 

Type I 

— 

1 

— 

1,000 

60 

— 

Type HI 

1,000 

60 

600 

1 

60 

600 

1 

600 


From the above serological tests it would appear that — 


Memngococcus Delhi strain 1 is type 




99 

99 

99 

99 

99 

99 


2 

3 

6 

6 

7 

8 
9 
11 


Kasauli 

Solon 


III 

III 

III 

I 

I (2 III) 
III 
III 
III 
III 
III 
III 
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Cultures o( some of tlicsc strains were sent to tlio Patliologicnl Laboiatory 
of tie Jlinistry of HeaUli, London, and Dr W M Scott reported on tLcir types 
The strains tested by liim nnctc Delln strains 1, 2, 3, 6, G, 7, and Knsauli strain 
His findings confirmed ours in Kasnih 

A number of strains isolated in the Bombay Prcsidcncj'' were also received 
from the Dircctoi, Hafil.mc Institute, Bombay, for typing and companson intli 
the strains isolated in Delhi Of 19 strains examined 14 belonged to type III and 
2 to type I Three strains i\ere agglutinated by t)p)o specific sera of I and III to 
an almost equal degree Tlicy belonged to group I 

Permcntatioii reactions of these strains were also tested Eleven strains 
fermented glucose and maltose, G fermented maltose only, 2 fermented glucose 
only 

It ivould appear that the epidemic strains of memngococci responsible 
for the outbrcalc of ccrcbro-spinal fever in India arc of the same type as 
usually isolated in epidemic periods m other countries, i e , types I and III 
(group I), these being the types used for the manufacture of therapeutic serum 
ordinarily in use during epidemics 


i\tENINGOCOCCX7S VACCINE 

The use of a prophylactic memngococcus vaccine has been suggested and such 
a vaccine has actually been employed in Turkey (Ismail, 1933, and Zernek, Element 
and Bohuslav Eeierabend, 1931) 

In vnew of the difficulty of employing, in an adequate manner, serum 
treatment for a very large number of cerebro-spmal fever cases under 
Indian conditions the question of testing the value of such a vaccine has 
been considered During the epidemic of 1934 a vaceme for the purpose 
was prepared at the Central Research Institute, Kasauli, and efiorts 
were made to obtain a trial under conditions which would permit of 
estimating its value 


Method or jianupactuke of peofhyiactic meningococcal 

VACCINE 

iledm —Dorset’s egg and pigeon-blood agar we found to be nnsmtable for 
preparation of large quantities of vaccine One per cent glucose agar (nH 7 41 

SSLtof eventually adopted as the medium for buUc 

Selection of strains — Ereshly isolated strains of memngococci from acute 
sub-acute, chrome and convalescent cases were used as the seed Eor deVermSon 
o the types of cases from which they were obtained see Table III The Samr ?v 
of the strains were type III and some of type I The vacciiip is a 

foiuth sub-culture of primary groivth or 
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Piepaialton of seed material and vacctne 

Sab-culfc\\res from tke primary growtli are made oil pigeoii-blood agar^ After 
24 liours tbe growth is tested for purity If satisfactory, 100 c c of Malone’s (1921) 
influenza broth are inoculated with this culture Next day the broth culture is tested 
for purity and if satisfactory, 4. c c are inoculated into each of a batch of whisky 
bottles containing a rolled medium of 1 per cent glucose agarm tryptic digest of 
mutton at pH 7 i, each bottle containing 100 c c of medium An equal number 
of bottles IS inoculated with each strain The bottles are rolled to spread the 
inoculum over the surface of the medium and incubated at 37°C for 48 hours, when 
the growth from each bottle is washed off noth 20 c c of sterile normal sabne kept 
warm at 37°C before use The growth from each bottle is poured into a separate 
sterile test-tube and a sample taken for test of purity of growth The tubes are 
heated at SO^C for half an hour and 0 1 c c of carbohe acid added to each tube for 
temporary preservation Next day, when the purity of growth from the bottles 
has been confirmed, contents of 20 tubes representing an equal number of different 
strains are pooled into one-htre flasks and enough saline is added to bring the 
volume to 500 c c 

The contents of each flask are now standardized by means of Brown’s opacity 
tubes and carbolic acid is added to bring the strength of antiseptic in the 
concentrated vaccine to 1 per cent The flasks are left at lOom temperature for 
48 hours at the end of which period steribty and toxicity tests are carried out 

(а) Sterility is tested both ssrobically and anserobically on pigeon-blood 
agar and glucose broth 

(б) Toxicity IS tested by injecting subcutaneously 1 c c of the concentrated 
vaccine into a guinea-pig of 350 grammes weight If the animal shows little 
reaction and is alive and well at the end of ten days the vaccine is passed 

The flasks of concentrated vaccine are stored at room temperature m the dark 
until required for use The vaccine is issued in a strength of 1,000 milhon orgamsms 
per c c with 0 5 per cent phenol and two or preferably three doses are recommended, 
0 5, c c , 1 c c and 2 c c to be injected subcutaneously at weekly intervals In 
the preliminary work on the vaccine its toxicity was tested on a number of rhesus 
monkeys weighing 3 lb to 4 lb each, by injectmgthemsubcutaneously with 4c c 
and 8 c c of the stock vaccine No marked general reaction was observed except 
a slight rise of temperature lasting 48 hours in some of the monkeys Local 
reaction was not marked A number of human volunteers were given three doses 
of the vaccine without showing anv marked local or general reaction As the 
result of these tests it was considered that the vaccine could safely be issued 
for use Up to the end of December 1934, 32,853 c c of this vaccine have been 
issued As regards the protective value of this vaccine the figures will not be 
available for another six to eight months at the end of which time it is hoped 
to issue a statement on the results of this method of prophylaxis 
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NOTICE. 

Tlie following has been received for announcement — 

Editor 

‘ The Toimrlau Foundation is organizing, under the auspices of the University 
of Bnisscls, its Vllth Intel national Medical Post-Graduate Congress officially 
approved by the Geueial Comnussariat of the Government for the World 
Exhibition 

This Congress deabng vath ‘ Diagnostic and Therapeutic Actiiabties ’ will be 
held during the ^\orld Exhibition from the 12th to 19tL September next in the 
Faculty of Medicine of the University in Brussels and from the 20th September to 
the 2nd October at Spa 

More than 100 professors from nearly 46 Umversities mil lecture over the 
following special branches •' — 

Affections of the Cardio-Vascular System, Diseases of the Blood, Cancer, 
Tropical Diseases, Infectious Diseases, Free Lecture Field and Social 
Medicine 

For all particulars please apply to the Secretary, Tomarkin Foundation, Faciiltd 
de Medicine, 97, rue anx Lames, Bruxelles (Belgique) ’ 
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SOUTH African snakes, sera vith venoms of, 
479 , India, see plague, V choJerae, hepatic 
pirrhosis 

SPECTROGRAPHIC examination of Indian 
milk«, 490 , study of vitamin A content of 
oils and fats, 509 

SPIRILLV M MINUS, sec guinea pigs 
•SPIROCHiETES, types of, found in experi- 
mental infectious of relapsing fever, 105 , 
a blood inhabiting, of g pig, 449 
SPLENIC ENI.ARGEMENT in malignant 
hepatoma, 837 

SPOROZOITES, nuclear division of malarial, 

^ 443 

STAINING of Myrobactcrium lejpric in tissue 
sections, 313 

STANDARD digitalis powder, 279 , inter- 
national, preparation of vitamin, 215, 233 
STANDARDIZING see vitanun 
STARCH, jce nee 

STR MNS, si’e guinea pigs, Spinllvm immis 
STREPTOCOCCIC FAJCALIS in Madras 
waters, 4S9 


STRUCTURE, see chemical, cholera vibrios 
hypophysio portal system, V cholera: 
SUGAR, see blood, pituitary 
SULPHATE, see ammonium sulphate 
TARTRATES, see alkali 
TECHNIQUE see apparatus, arsenic content, 
ascaris eggs, biological nssa}% chemical 
method, concentration of antivenene, detoxi- 
cation of snake venom, electncal changei, 
filtering, hfematolcgieal studies, hookworm 
larval, staining, vitamin D 
TEMPERATURE BATH, constant for isolated 
organs, 11 

THYROID cells in iitro, effect on, of ‘ goitre 
noxa ’ 53 , glands, action of emetme on acti 
vity of, 771 , effect of cagmg on t gland of 
albino rats, 59 
TIGRINA, see Rana itgrina 
TINTOMETRICALLY, dctermmation of vita- 
min A values of Indian fish liver oils, 621 
TISSUE, staining of Mycobacterium lepra in 
sections of, 313, electncal changes in, 777 
TODDALEA ACULEATA, chemistry and 
pharmacology of, 766 

TROPICS biolngieal assax' of 'digitalis prepara 
tions m the, 271, 279 

TUBERCULOSIS, pulmonarji,m ad ilt Punjabis, 
801 

TYLOPHORA ASTEMATIGA, chemical 
examination cf, 433 

TYLOPHORINE, see Tylophora asthmaUca 
TYLOPHORINIl^, see Tylophora asthmatica 

URIC ACID calculi in albmo rats, 71 
VACCINATION, effects of, on cholera mortality, 
317 

VACCINE, see prophylactic 
VEGETABLE food stuffs, nutritive value of, 
373 See also vitamin C 

VENOM detoxication of snake, 529., scia '' 
prepared with, of Indian and South African'' 
snakes, 479 , of Indian cobra, 289 See also 
antivenene, antivenomous 
VERNONIA ANTHELMINTICA, antholmin 
tic properties of, 183 
VESSELS, see blood vessels 
VIABILITY, see bacterial cultures 
VIBRIO CHOLER E, antigenic structure of, 
295, 617 633 , earners of, entenng Ceylon, 713 
VIBRIO FILTRATES, 669 
VIBRIOS, structure of cholera and cholera lil e, 
309 See also Vibrio cholera: 

VIRUS, sec rabies, methylene bine 
VITAAIIN A content of oils and fats, 509 , 4 
values of Indian fish li\ cr oils, 521 , B,, soliibi 
litv of, 215 , isoelectric point us dctermincd'by 
electrophoresis of solutions of, 233 , C value 
of Indian fruits, vegetables and pulses, 789 , 

D, standardization of, 19° 

MATERS, Madras Eijkman’s test applied to, 
485, Slreploroccits fcccalis in, 189 
WAVES, see contractions, relaxations 
MHLLIAItlS’ 5IODIFICATIONS, see Eijkman’s 




